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Descriptjon 

POLYNUCLEIC ACIDS AND PROTEINS FROM A PORCINE REPRODUCTIVE AND RESPIRA- 
TORY SYNDROME VIRUS AND USES THEREOF 



This is a continuation-in-part of application Serial 
No. 08/131,625, filed on October 5, 1993, pending, which is 
a continuation-in-part of application Serial No. 
07/969,071, filed on October 30, 1992, now abandoned. The 
entire contents of application Serial No. 08/131,625, filed 
on October 5, 1993, are incorporated herein by reference. 

Field of the Invention 

The present invention concerns DNA isolated from a 
porcine reproductive and respiratory virus (PRRSV) , a 
protein and/ or a polypeptide encoded by the DNA, a vaccine 
which protects pigs from a PRRSV based on the protein or 
DNA, a method of protecting a pig from a PRRSV using the 
vaccine, a method of producing the vaccine, a method of 
treating a pig infected by or exposed to a PRRSV, and a 
method of detecting a PRRSV. 

Discussion of the Background i 

In recent years, North American and European swine 
herds have been susceptible to infection by new strains of 
reproductive and respiratory viruses (see A.A.S.P. , 
September/ October 1991, pp. 7-11; The Veterinary Record, 
February 1, 1992, pp. 87-89; Jbid., November 30, 1991, pp. 
495-496; Ibid., October 26, 1991, p. 370; Ibid,, October 
19, 1991, pp. 367-368; Jbid., August 3, 1991, pp. 102-103; 
Ibid., July 6, 1991; Ibid., June 22, 1991, p. 578; Ibid., 
June 15, 1991, p. 574; Jbid., June 8, 1991, p. 536; Jbid. , 
June 1, 1991, p. 511; Ibid. , March 2, 1991, p. 213). Among 
the first of the new strains to be identified was a virus 
associated with the so-called Mystery Swine Disease (MSD) 
or "blue-eared syndrome M , now known as Swine Infertility 
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and Respiratory Syndrome (SIRS) or Porcine Reproductive and 
Respiratory Syndrome (PRRS) . 

An MSD consisting of reproductive failure in females 
and respiratory disease in nursing and weaned pigs appeared 
in the midwestern United States in 1987 (Hill et al., Am. 
Assoc. Swine Practitioner Newsletter 4:47 (1992); Hill et 
al., Proceedings Mystery Swine Disease Committee Meeting, 
Denver, Colorado 29-31 (1990); Keffaber, Am. Assoc. Swine 
Practitioner Newsletter 1:1-9 (1989); Loula, Agri-Practice 
12:23-34 (1991)). Reproductive failure was characterized 
by abortions, stillborn and weak-born pigs. The 
respiratory disease in nursing and weaned pigs was 
characterized by fever, labored breathing and pneumonia. A 
similar disease appeared in Europe in 1990 (Paton et al., 
Vet. i?ec. 128:617 (1991); Wensvoort et al., Veterinary 
Quarterly 13:121-130 (1991); Blaha, Proc. Am. Assoc. Swine 
Practitioners, pp. 313-315 (1993)), and has now been 
recognized worldwide. 

This disease has also been called porcine epidemic 
abortion and respiratory syndrome (PEARS) , blue abortion 
disease, blue ear disease (U.K.), abortus blau 
(Netherlands) , seuchenhafter spatabort der schweine 
(Germany), Heko-Heko disease, and in the U.S., Wabash 
syndrome, mystery pig disease (MPD) , and swine plague (see 
the references cited above and Meredith, .Review of Porcine 
Reproductive and Respiratory Disease Syndrome, Pig Disease 
Information Centre, Department of Veterinary Medicine, 
Madingley Road, Cambridge CB3 OES, U.K. (1992); Wensvoort 
et al., Vet. Res. 24:117-124 (1993); Paul et al., J. Clin. 
Vet. Med. 11:19-28 (1993)). In Europe, the corresponding 
virus has been termed "Lelystad virus." 

At an international conference in May, 1992, 
researchers from around the world agreed to call this 
disease Porcine Reproductive and Respiratory Syndrome 
(PRRS) . The disease originally appeared to be mainly a 
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reproductive disease during its early phases, but has now 
evolved primarily into a respiratory disease. 

Porcine reproductive and respiratory syndrome virus 
(PRRSV) is a relatively recently recognized swine pathogen 
associated with porcine reproductive and respiratory 
syndrome (PRRS) * PRRSV is a significant pathogen in the 
swine industry. PRRSV infections are common in the U.S. 
swine herds. Outbreaks of PRRS in England have led to 
cancellation of pig shows. 

The symptoms of PRRS include a reluctance to eat 
(anorexia) , a mild fever (pyrexia) , cyanosis of the 
extremities (notably bluish ears), stillbirths, abortion, 
high mortality in affected litters, weak-born piglets and 
premature farrowing. The majority of piglets born alive to 
affected sows die within 48 hours. PRRS clinical signs 
include mild influenza-like signs, rapid respiration 
("thumping"), and a diffuse interstitial pneumonitis. PRRS 
virus has an incubation period of about 1-2 weeks from 
contact with a PRRSV- infected animal. The virus appears to 
be an enveloped RNA arterivirus (The Veterinary Record, 
February 1, 1992). The virus has been grown successfully 
in pig alveolar macrophages and CL2621 cells ( Benf ield et 
al, J. Vet. Diagn. Invest., 4:127-133, 1992; Collins et al . 
Swine Infertility and Respiratory Syndrome/Mystery Swine 
Disease. Proc, Minnesota Swine Conference for 
Veterinarians, pp. 200-205, 1991), and in MARC-145 cells 
(Joo, PRRS: Diagnosis, Proc, Allen D. Leman Swine 
Conference, Veterinary Continuing Education and Extension, 
University of Minnesota (1993), 20:53-55; Kim et al . Arch. 
Virol., 133:477-483 (1993)). A successful culturing of a 
virus which causes SIRS has also been reported by Wensvoort 
et al (Mystery Swine Disease in the Netherlands: The 
Isolation of Lelystad Virus. Vet. Quart. 13:121-130, 
1991) . 
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Initially, a number of agents were incriminated in the 
etiology of this disease (Wensvoort et al.. Vet. Res. 
24:117-124 (1993); Woolen et al., J. Am. Vet. Med. Assoc. 
197:600-601 (1990)). There is now a consensus that the 
causative agent of PRRS is an enveloped RNA virus referred 
to as Porcine Reproductive and Respiratory Syndrome Virus 
(PRRSV) , reportedly of approximately 62 nm in diameter 
(Benfield et al., J . Vet. Diagn. Invest . , 4:127-133, 1992). 

Virus isolates vary in their ability to replicate in 
continuous cell lines. Some grow readily, while others 
require several passages and some grow only in swine 
alveolar (SAM) cultures (Bautista et al., J. Vet. Diagn. 
Invest. 5:163-165, 1993; see also the Examples hereunder 
[particularly Table 1]). 

PRRSV is a member of an Arterivirus group which 
includes equine arteritis virus (EAV) , lactate 
dehydrogenase-elevating virus (LDV) and simian hemorrhagic 
fever virus (SHFV) (Benfield et al., 1992, supra; 
Plagemann, Proc. Am. Assoc. Swine Practitioners , 4:8-15 
1992; Plagemann and Moennig, Adv. Virus J?es. 41:99-192, 
1992; Conzelmann et al., Virology, 193:329-339, 1993; 
Godney et al., Virology, 194:585-596, 1993; Meulenberg et 
al., Virology, 192:62-72, 1993). The positive-strand RNA 
viruses of this Arterivirus group resemble togaviruses 
morphologically, but are distantly related to coronaviruses 
and toroviruses on the basis of genome organization and 
gene expression (Plagemahn et al., supra; Spaan et al. r J. 
Gen. Virol. 69, 2939-2952 (1988); Strauss et al., Annu. 
Rev. Biochem. 42, 657-683 (1988); Lai, Annu. Rev. 
Microbiol. 44, 303-333 (1990); Snijder et al., Nucleic Acid 
Res. 18, 4535-4542 (1990))- The members of this group 
infect macrophages and contain a nested set of 5 to 7 
subgenomic mRNAs in infected cells (Plagemann et al., 
supra; Meulenberg et al., virology, 192, 62-72 (1993); 
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Conzelmann et al.. Virology, 193, 329-339 (1993); 15, 16, 
17, 18, 19)* 

The viral genome of European isolates has been shown 
to be a plus stranded RNA of about 15.1 kb (Conzelmann et 
al. # supra j Meulenberg et al. , supra), and appears to be 
similar in genomic organization to LDV and EAV (Meulenberg 
et al., supra). However, no serological cross-reaction has 
been found among PRRSV, LDV and EAV (Goyal et al., J. Vet. 
Diagn. Invest., 5, 656-664 (1993)). 

PRRSV was initially cultivated in swine alveolar 
macrophage (SAM) cell cultures (Pol et al., Veterinary 
Quarterly, 13:137-143, 1991; Wensvoort et al., Veterinary 
Quarterly, 13:121-130, 1991) and then in continuous cell 
lines CL2621 (Benfield et al., supra), MA-104, and MARC-145 
(Joo, Proc. Allen D. Leman Swine Conference, pp. 53-55, 
1993). The reproductive and respiratory disease has been 
reproduced with cell free lung filtrates (Christianson et 
al., Am. J. Vet. Res., 53:485-488, 1992; Collins et al., J. 
Vet. Diagn. Invest., 4:117-126, 1992; Halbur et al., Proc. 
Central Veterinary Conference, pp. 50-59, 1993), and with 
cell culture-propagated PRRSV (Collins et al., supra, and 
Proc. Allen D. Leman Swine Conference, pp. 47-48, 1993). 

Eight open reading frames (also referred to herein as 
"ORFs 11 or "genes") have been identified in a European PRRSV 
isolate. The genes of this European isolate are organized 
similarly to that in coronavirus (Meulenberg et al., 
supra). A 3 '-end nested set of messenger RNA has been 
found in PRRSV- in fee ted cells similar to that in 
coronaviruses (Conzelmann et al., supra; Meulenberg et al., 
supra) . 

The ORF la and lb at the 5 '-half of the European PRRSV 
genome are predicted to encode viral RNA polymerase. The 
ORF's 2-6 at the 3 '-half of the genome likely encode for 
viral membrane-associated (envelope) proteins (Meulenberg 
et al. , supra). ORF6 is predicted to encode the membrane 
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protein (M) based on its similar characteristics with the 
ORF 6 of EAV, ORF 2 of LDV, and the M protein of mouse 
hepatitis virus and infectious bronchitis virus (Meulenberg 
et al. r Virology 192 , 62-72 (1993); Conzelmann et al., 
Virology 193, 329-339 (1993); Murtaugh, Proc. Allen D* 
Leman Swine Conference , Minneapolis, MN, pp. 43-45 (1993); 
Hardassi et al., Abstracts of Conference of Research 
Workers in Animal Diseases, Chicago, IL, pp. 43 (1993)). 
The product of ORF 7 is extremely basic and hydrophilic, 
and is predicted to be the viral nucleocapsid protein (N) 
(Meulenberg et al., supra; Conzelmann et al., supra; 
Murtaugh, supra; Mardassi et al. f supra and J". Gen. Virol., 
75:681-685 (1994)). 

Although conserved epitopes have been identified 
between U.S. and European PRRSV isolates using monoclonal 
antibodies (Nelson et al., J. Clin. Microbiol., 
31:3184-3189, 1993), there is extensive antigenic and 
genetic variation both among U.S. and European isolates of 
PRRSV (Wensvoort et al., J. Vet. Diagn. Invest., 4:134-138, 
1992) . European isolates are genetically closely related, 
as the nucleotide sequence at the 3 '-half of the genome 
from two European PRRSV isolates is almost identical 
(Conzelmann et al., supra; Meulenberg et al., supra). 

Although the syndrome caused by PRRSV appears to be 
similar in the U.S. and Europe, several recent studies have 
described phenotypic, antigenic, genetic and pathogenic 
variations among PRRSV isolates in the U.S. and in Europe 
(Murtaugh, supra; Bautista et al., J. Vet. Diagn. Invest., 
5, 163-165 (1993); Bautista et al., J. Vet. Diagn. Invest., 
5, 612-614 (1993); Wensvoort et al., J. Vet. Diagn. 
Invest., 4, 134-138 (1992); Stevenson et al., J. Vet. 
Diagn. Invest., 5, 432-434 (1993)). For example, the 
European isolates grow preferentially in SAM cultures and 
replicate to a very low titer in other culture systems 
(Wensvoort, Vet. Res., 24, 117-124 (1993); Wensvoort et 
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al., J. Vet* Quart., 13, 121-130 (1991); Wensvoort et al., 
J. Vet. Diagn. Invest., 4, 134-138 (1992)). On the other 
hand, some of the U.S. isolates have been shown to 
replicate well in SAM as well as in the continuous cell 
line CL2621 (Benfield et al., J. Vet. Diagn. Invest., 4, 
127-133 (1992); Collins et al., J. Vet. Diagn. Invest., 4, 
117-126 (1992)). Thus, phenotypic differences among U.S. 
isolates are observed, as not all PRRSV isolates isolated 
on SAM can replicate on the CL2621 cell line (Bautista et 
al., J. Vet. Diagn. Invest., 5, 163-165 (1993)). 

A high degree of regional antigenic variation among 
PRRSV isolates may exist. Four European isolates were 
found to be closely related antigenically, but these 
European isolates differed antigenically from U.S. 
isolates. Further, three U,s. isolates were shown to 
differ antigenically from each other (Wensvoort et al., J. 
Vet. Diagn. Invest., 4, 134-138 (1992)). Animals 
seropositive for European isolates were found to be 
negative for U.S. isolate VR 2332 (Bautista et al., J. Vet. 
Diagn. Invest., 5, 612-614 (1993)). 

U.S. PRRSV isolates differ genetically at least in 
part from European isolates (Conzelmann et al., supra; 
Meulenberg et al. f supra; Murtaugh et al., Proc. Allen D. 
Leman Conference, pp. 43-45, 1993). The genetic 
differences between U.S. and European isolates are 
striking, especially since they are considered to be the 
same virus (Murtaugh, supra). Similar observations were 
also reported when comparing the Canadian isolate IAF-exp91 
and another U.S. isolate VR 2332 with LV (Murtaugh, supra; 
Mardassi, supra). However, the 3' terminal 5 kb nucleotide 
sequences of two European isolates are almost identical 
(Conzelmann et al., supra; Meulenberg et al., supra). 

The existence of apathogenic or low-pathogenic strains 
among isolates has also been suggested (Stevenson, supra) . 
Thus, these studies suggest that the PRRSV isolates in 
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North America and in Europe are antigenically and 
genetically heterogeneous, and that different genotypes or 
serotypes of PRRSV exist. However, prior to the present 
invention, the role of antigenic and genetic variation in 
the pathogenesis of PRRSV was not entirely clear. 

The occurrence of PRRS in the U.S. has adversely 
affected the pig farming industry. Almost half of swine 
herds in swine-producing states in the U.S. are 
seropositive for PRRSV (Animal Pharm. , 264:11 (11/11/92)). 
In Canada, PRRS has been characterized by anorexia and 
pyrexia in sows lasting up to 2 weeks, late-term abortions, 
increased stillbirth rates, weak-born pigs and neonatal 
deaths preceded by rapid abdominal breathing and diarrhea. 
Work on the isolation of the virus causing PRRS, on a 
method of diagnosing PRRS infection, and on the development 
of a vaccine against the PRRS virus has been published (see 
Canadian Patent Publication No. 2,076,744; PCT 
International Patent Publication No. WO 93/03760; PCT 
International Patent Publication No. WO 93/06211; and PCT 
International Patent Publication No. WO 93/07898). 

There is also variability in the virulence of PRRSV in 
herds. Recently, a more virulent form of PRRS has been 
occurring with increased incidence in 3-8 week old pigs in 
the midwestern United States. Typically, healthy 3-5 week 
old pigs are weaned and become sick 5-7 days later. 
Routine virus identification methods on tissues from 
affected pigs have shown that swine influenza virus (SIV) , 
pseudorabies virus (PRV) , and Mycoplasma hvopneumoniae are 
not associated with this new form of PRRS. Originally 
termed proliferative interstitial pneumonia (PIP; see U.S. 
patent application Serial No. 07/969,071), this disease has 
been very recently linked with PRRS, and the virus has been 
informally named the "Iowa strain" of PRRSV (see U.S. 
patent application Serial No. 08/131,625). 
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Pessimism and skepticism has been expressed in the art 
concerning the development of effective vaccines against 
these porcine viruses (The Veterinary Record, October 26, 
1991) . A belief that human influenza vaccine may afford 
some protection against the effects of PRRS and PNP exists 
(The Veterinary Record, July 6, 1991) . 

Viral envelope proteins are known to be highly 
variable in many coronaviruses , such as feline infectious 
peritonitis virus and mouse hepatitis virus f Dalziel et al ; 
Site-specific alteration of murine hepatitis virus type 4 
peplomer glycoprotein E2 results in reduced neurovirulence . 
J. Virol., 59:464-471 (1986); Fleming et al ; Pathogenicity 
of antigenic variants of murine coronavirus JHM selected 
with monoclonal antibodies. J. Virol., 58 : 869-875 (1986) ; 
Fiscus et al ; Antigenic comparison of the feline 
coronavirus isolates; Evidence for markedly different 
peplomer glycoproteins. J . Virol., 61:2607-2613 (1987); 
Parker et al : Sequence analysis reveals extensive 
polymorphism and evidence of deletions within the E2 
glycoprotein gene of several strains of murine hepatitis 
virus* Virology, 173:664-673 (1989))* 

For example, a deletion or a mutation in the major 
envelope protein in coronaviruses can alter tissue tropism 
and in vivo pathogenicity. A mutation in a monoclonal 
antibody-resistant mutant of MHV has resulted in loss of 
its neurovirulence for mice ( Fleming et al , 1986 supra) . 
Porcine respiratory coronavirus (PRCV) is believed to be a 
deletion mutant of transmissible gastroenteritis virus 
(TGEV) in swine. The deletion in the PRCV genome may be in 
the 5 '-end of the spike (S) gene of TGEV f Hal bur et al . An 
overview of porcine viral respiratory disease. Proc. 
Central Veterinary Conference, pp. 50-59 (1993); Laude et 
al . Porcine respiratory coronavirus: Molecular features 
and virus-host interactions. Vet. Res., 24:125-150 (1993); 
Vaughn et al . Isolation and characterization of three 
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porcine respiratory coronavirus isolates with varying sizes 
of deletions. J. Clin. Micro., 32:1809-1812 (1994)). 

PRCV has a selective tropism for the respiratory tract 
and does not replicate in the gastrointestinal tract 
( Rasschaert et al . Porcine respiratory coronavirus differs 
from transmissible gastroenteritis virus by a few genomic 
deletions. J. Gen. Virol., 71:2599-2607 (1990); Laude et 
al . 1993 supra) . In contrast, TGEV has a tropism for both 
respiratory and gastrointestinal tracts (Laude et al, 1993 
supra) . 

Variation in antigenic and genetic relatedness among 
LDV isolates of varying pathogenicity is also known ( Kuo et 
al , Lactate-dehydrogenase-elevating virus (LDV) : 
subgenomic mRNAs, mRNA leader and comparison of 3' -terminal 
sequences of two LDV isolates. Virus Res., 23:55-72 

(1992) ; Plaqemann . LDV, EAV, and SHPV; A new group of 
positive stranded RNA viruses. Proc. Am. Assoc. Swine 
Practitioners, 4:8-15 (1992); Chen et al . Sequences of 3' 
end of genome and of 5' end of open reading frame la of 
lactate dehydrogenase-elevating virus and common junction 
motifs between 5' leader and bodies of seven subgenomic 
mRNAs. J. Gen. Virol., 74:643-660 (1993)). 

However, the present invention provides the first 
insight into the relationships between the open reading 
frames of the PRRSV genome and their corresponding effects 
on virulence and replication. 

Further, a diagnosis of porcine reproductive and 
respiratory syndrome (PRRS) relies on compiling information 
from the clinical history of the herd, serology, pathology, 
and ultimately on isolation of the PRRS virus (PRRSV) . 
Three excellent references reviewing diagnosis of PRRSV 
have been published in the last year ( Van Alstine et al , 
"Diagnosis of porcine reproductive and respiratory 
syndrome, 11 Swine Health and Production, Vol. 1, No. 4 

(1993) , p. 24-28; Christianson et al , "Porcine reproductive 
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losses from reproductive and respiratory diseases. 
Economic losses from PRRS occur from loss of pigs from 
abortions, stillborn pigs, repeat breeding, pre-weaning and 
postweaning mortality, reduced feed conversion efficiency, 
increased drug and labor cost and have been estimated to 
cost approximately $236 per sow in addition to loss of 
profits f Poison et al. . Financial implications of mystery 
swine disease (MSD) , Proc. Mystery Swine Disease Committee 
Meeting, Denver, Co., 1990, pp. 8-28) . This represents a 
loss of $23,600 for a 100 sow herd or $236,000 for a 1000 
sow herd. 

PRRSV causes additional losses from pneumonia in 
nursery pigs . However , the exact economic losses from 
PRRSV-associated pneumonia are not known. PRRSV is an 
important cause of pneumonia in nursery and weaned pigs. 
Reproductive disease was the predominant clinical outcome 
of PRRSV infections during the past few years. Respiratory 
disease has now become the main problem associated with 
PRRSV. 

Surprisingly, the market for animal vaccines in the 
U.S. and worldwide is larger than the market for human 
vaccines. Thus, there exists an economic incentive to 
develop new veterinary vaccines, in addition to the 
substantial public health benefit which is derived from 
protecting farm animals from disease. 

Disclosure of the Invention 

Accordingly, one object of the present invention is to 
provide a polynucleic acid isolated from a porcine 
reproductive and respiratory virus (PRRSV) . 

It is a further object of the present invention to 
provide an isolated polynucleic acid which encodes a PRRSV 
protein. 
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It is a further object of the present invention to 
provide a PRRSV protein, either isolated from a PRRSV or 
encoded by a PRRSV polynucleic acid. 

It is a further object of the present invention to 
provide a protein- or polynucleic acid-based vaccine which 
protects a pig against PRRS. 

It is a further object of the present invention to 
provide a method of raising an effective immunological 
response against a PRRSV using the vaccine. 

It is a further object of the present invention to 
provide a method of producing a protein- or polynucleic 
acid-based vaccine which protects a pig against a PRRSV 
infection. 

It is a further object of the present invention to 
provide a method of treating a pig infected by or exposed 
to a PRRSV. 

It is a further object of the present invention to 
provide a method of detecting PRRSV. 

It is a further object of the present invention to 
provide an immunoperoxidase diagnostic assay for detection 
of PRRSV antigen in porcine tissues. 

It is a further object of the present invention to 
provide an antibody which immunologically binds to a PRRSV 
protein or to an antigenic region of such a protein. 

It is a further object of the present invention to 
provide an antibody which immunologically binds to a protein- 

or polynucleic acid-based vaccine which protects a pig 
against a PRRSV. 

It is a further object of the present invention to 
provide a method of treating a pig exposed to or infected 
by a PRRSV. 

It is a further object of the present invention to 
provide a method of detecting and a diagnostic kit for 
assaying a PRRSV* 
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It is a further object of the present invention to 
provide the above objects, where the PRRS virus is the Iowa 
strain of PRRSV. 

These and other objects which will become apparent 
during the following description of the preferred 
embodiments, have been provided by at least one purified 
polypeptide selected from the group consisting of proteins 
encoded by one or more open reading frames (ORF's) of an 
Iowa strain of porcine reproductive and respiratory virus 
(PRRSV) , proteins at least 80% but less than 100% 
homologous with those encoded by one or more of ORF 2, ORF 
3, ORF 4 and ORF 5 of an Iowa strain of PRRSV, proteins at 
least 97% but less than 100% homologous with proteins 
encoded by one or both of ORF 6 and ORF 7 of an Iowa strain 
of PRRSV, antigenic regions of said proteins which are at 
least 5 amino acids in length and which effectively 
stimulate immunological protection in a porcine host 
against a subsequent challenge with a PRRSV isolate, and 
combinations thereof; an isolated polynucleic acid which 
encodes such a polypeptide or polypeptides; a vaccine 
comprising an effective amount of such a polynucleotide or 
polypeptide ( s) ; antibodies which specifically bind to such 
a polynucleotide or polypeptide; methods of producing the 
same; and methods of raising an effective immunological 
response against a PRRSV, treating a pig exposed to or 
infected by a PRRSV, and detecting a PRRSV using the same. 

Brief Description of the Drawings 

Figure 1 is a flowchart outlining a procedure for 
producing a subunit vaccine; 

Figure 2 is a flowchart outlining a procedure for 
producing a genetically engineered vaccine; 

Figure 3 shows a general schematic procedure for the 
construction of a cDNA X library as described by the 
manufacturer (Stratagene) ; 



WO 96/06619 



PCT/US95/10904 



-15- 

Figure 4 shows a general schematic procedure for 
identifying authentic clones of the PRRS virus isolate ISU- 
12 (VR 2385) by differential hybridization (modified from 
"Recombinant DNA, w 2nd ed. , Watson, J\D., et al., eds. 
(1992), p. 110); 

Figure 5 is a Northern blot showing the VR 2385 
subgenomic mRNA species, denatured with 6 M glyoxal and 
DMSO, and separated on a 1.5% agarose gel; 

Figure 6 shows the X cDNA clones used to obtain the 
3 '-terminal nucleotide sequence of VR 2385; 

Figure 7 shows the 2062-bp 3 '-terminal sequence (SEQ 
ID HO: 13) and the amino acid sequences encoded by ORF's 5, 
6 and 7 (SEQ ID N0S:15, 17 and 19, respectively) of VR 
2385; 

Figure 8 compares the ORF-5 regions of the genomes of 
VR 2385 and Lelystad virus; 

Figure 9 compares the ORF-6 regions of the genomes of 
VR 2385 and Lelystad virus; 

Figure 10 compares the ORF-7 regions of the genomes of 
VR 2385 and Lelystad virus; 

Figure 11 compares the 3'-nontranslational regions of 
the genomes of VR 2385 and Lelystad virus; 

Figure 12 shows a cytopathic effect in HI-FIVE cells 
infected with a recombinant baculovirus containing the VR 
2385 ORF-7 gene (Baculo.PRRSV.7) ; 

Figure 13 shows HI-FIVE cells infected with a 
recombinant baculovirus containing the VR 2385 ORF-6 gene, 
stained with swine antisera to VR 2385, followed by 
f luorescein-conjugated anti-swine IgG; 

Figure 14 shows HI-FIVE cells infected with a 
recombinant baculovirus containing the VR 2385 ORF-7 gene, 
respectively, stained with swine antisera to VR 2385, 
followed by f luorescein-conjugated anti-swine IgG; 
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Figure 15 shows a band of expected size for the VR 
2385 ORF-6 product, detected by a radioimmunoprecipitation 
technique (see Experiment 11(B) below); 

Figure 16 shows a band of expected size for the VR 
2385 ORF-7 product , detected by a radioimmunoprecipitation 
technique (see Experiment 11(B) below); 

Figure 17 compares the ORF 6 and ORF 7 nucleotide 
sequences of six U.S. PRRSV isolates and of LV, in which 
the VR 2385 nucleotide sequence is shown first, and in 
subsequent sequences, only those nucleotides which are 
different are indicated; 

Figures 18 (A) ~(B) show the alignment of amino acid 
sequences of the putative M (Fig. 18(A)) and N (Fig. 18(B)) 
genes of the proposed arterivirus group, performed with a 
GENEWORKS program (IntelliGenetics, Inc.); 

Figures 19 (A) -(B) show phylogenetic trees based on the 
amino acid sequences of the putative M (Fig. 19(A) ) and N 
genes (Fig. 19(B)) for the proposed arterivirus group; 

Figure 20 shows the nucleotide sequence of a region of 
the genome of PRRSV isolate VR 2385 containing ORF's 2, 3 
and 4; 

Figures 21 (A) -(C) compare the nucleotide sequences of 
ORF 2, ORF 3 and ORF 4 of PRRSV VR 2385 with the 
corresponding ORF's of Lelystad virus (LV) ; 

Figures 22 (A) -(C) show alignments of the predicted 
amino acid sequences encoded by ORF's 2, 3 and 4 of PRRSV 
VR 2385 and LV; 

Figure 23 shows an immunohistochemical stain of a lung 
tissue sample taken from a pig infected 9 days previously 
with PRRSV, in which positive ABC staining with hematoxylin 
counterstain is observed within the cytoplasm of 
macrophages and sloughed cells in the alveolar spaces; 

Figure 24 shows an immunohistochemical stain of a lung 
tissue sample taken from a pig infected 4 days previously 
with PRRSV, in which positive ABC staining with hematoxylin 
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counter stain is demonstrated within cellular debris in 
terminal airway lumina; 

Figure 25 shows a heart from a pig infected 9 days 
previously with PRRSV, in which positive staining is 
demonstrated within endothelial cells (arrow) and isolated 
macrophages by the present streptavidin-biotin complex 
method (with hematoxylin counterstain) ; the bar indicates a 
length of 21 microns; 

Figure 26 shows a tonsil from a pig infected 9 days 
previously with PRRSV, in which positive staining cells 
(arrow heads) are demonstrated within follicles and in the 
crypt epithelium by the present streptavidin-biotin complex 
method (with hematoxylin counterstain) ; the bar indicates a 
length of 86 microns; 

Figure 27 shows a lymph node from a pig infected 9 
days previously with PRRSV, in which positive staining is 
demonstrated within follicles by the present streptavidin- 
biotin complex method (with hematoxylin counterstain) , and 
positive cells (arrows) resemble macrophages or dendritic 
cells; the bar indicates a length of 21 microns; 

Figures 28 (A) -(C) are photomicrographs of lungs from 
pig inoculated with (A) culture fluid from an uninfected 
cell line, (B) culture fluid from a cell line infected with 
a low virulence PRRSV isolate (the lungs show PRRS-A type 
lesions) , and (C) culture fluid from a cell line infected 
with a high virulence PRRSV isolate (the lungs show PRRS-B 
type lesions) ; 

Figures 29 (A) -(B) illustrate immunohistochemical 
staining with anti-PRRSV monoclonal antibody of a lung from 
a pig infected 9 days previously with PRRSV; and 

Figures 30 (A) -(B) show Northern blots of PRRSV 
isolates VR 2385pp (designated as "12") , VR 2429 (ISU-22, 
designated as "22") , VR 2430, designated as "55"), ISU-79 
(designated as "79"), ISU-1894 (designated as "1894"), and 
VR 2431, designated as "3927"). 
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Best Mode for Carrying OUt the Invention 

In the present invention, a "porcine reproductive and 
respiratory syndrome virus" or "FRRSV" refers to a virus 
which causes the diseases PRRS, PEARS, SIRS, MSD and/ or PIP 
(the term "PIP" now appears to be disfavored) , including 
the Iowa strain of PRRSV, other strains of PRRSV found in 
the United States (e.g., VR 2332), strains of PRRSV found 
in Canada (e.g., IAF-exp91) , strains of PRRSV found in 
Europe (e.g., Lelystad virus, PRRSV-10) , and closely- 
related variants of these viruses which may have appeared 
and which will appear in the future. 

The present vaccine is effective if it protects a pig 
against infection by a porcine reproductive and respiratory 
syndrome virus (PRRSV) . A vaccine protects a pig against 
infection by a PRRSV if, after administration of the 
vaccine to one or more unaffected pigs, a subsequent 
challenge with a biologically pure virus isolate (e.g., VR 
2385, VR 2386, or other virus isolate described below) 
results in a lessened severity of any gross or 
histopathological changes (e.g., lesions in the lung) 
and/or of symptoms of the disease, as compared to those 
changes or symptoms typically caused by the isolate in 
similar pigs which are unprotected (i.e., relative to an 
appropriate control) . More particularly, the present 
vaccine may be shown to be effective by administering the 
vaccine to one or more suitable pigs in need thereof, then 
after an appropriate length of time (e.g., 1-4 weeks), 
challenging with a large sample (io 3 7 TCID S0 ) of a 
biologically pure PRRSV isolate. A blood sample is then 
drawn from the challenged pig after about one week, and an 
attempt to isolate the virus from the blood sample is then 
performed (e.g., see the virus isolation procedure 
exemplified in Experiment VIII below) . Isolation of the 
virus is an indication that the vaccine may not be 
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effective, and failure to isolate the virus is an 
indication that the vaccine may be effective. 

Thus, the effectiveness of the present vaccine may be 
evaluated quantitatively (i.e., a decrease in the 
percentage of consolidated lung tissue as compared to an 
appropriate control group) or qualitatively (e.g., 
isolation of PRRSV from blood, detection of PRRSV antigen 
in a lung, tonsil or lymph node tissue sample by an 
immunoperoxidase assay method [described below], etc.)* 
The symptoms of the porcine reproductive and respiratory 
disease may be evaluated quantitatively (e.g., temperature/ 
fever), semi-quantitatively (e.g., severity of respiratory 
distress [explained in detail below] , or qualitatively 
(e.g., the presence or absence of one or more symptoms or a 
reduction in severity of one or more symptoms, such as 
cyanosis, pneumonia, heart and/ or brain lesions, etc.). 

An unaffected pig is a pig which has either not been 
exposed to a porcine reproductive and respiratory disease 
infectious agent, or which has been exposed to a porcine 
reproductive and respiratory disease infectious agent but 
is not showing symptoms of the disease. An affected pig is 
one which shows symptoms of PRRS or from which PRRSV can be 
isolated. 

The clinical signs or symptoms of PKRS may include 
lethargy, respiratory distress, "thumping" (forced 
expiration), fevers, roughened hair coats, sneezing, 
coughing, eye edema and occasionally conjunctivitis. 
Lesions may include gross and/or microscopic lung lesions, 
myocarditis, lymphadenitis, encephalitis and rhinitis. The 
infectious agent may be a single virus, or may be combined 
with one or more additional infectious agents (e.g., other 
viruses or bacteria) . In addition, less virulent and non- 
virulent forms of the PRRSV and of Iowa strain have been 
found, which may cause either a subset of the above 
symptoms or no symptoms at all. Less virulent and non- 
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virulent forms of PRRSV can be used according to the 
present invention to provide protection against porcine 
reproductive and respiratory diseases nonetheless* 

Histological lesions in the various porcine diseases, 
are different. Table I below compares physiological 
observations and pathology of the lesions associated with a 
number of diseases caused by porcine viruses: 

TABLE I 



Swine Viral Pneumonia Comparative Pathology 



Lesion 


PRRS(p) 


PRRS(o) 


SIV 


PNP 


PRCV 


PPMV 


Iowa 


Type II 




+++ 
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+++ 




++ 


MM 


Inter, thickening 


MM 
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+ 


++ 
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Alveolar exudate 
















Airway necrosis 






MM 




+++ 


+ 




Syncytia 




++ 


w- 




+ 






Encephalitis 














■ + 


Myocarditis 




++ 













wherein "PRRS (p) 11 represents the published pathology of the 
PRRS virus, "PRRS(o)" represents the pathology of PRRS 
virus observed by the present Inventors, "SIV" represents 
swine influenza A virus, "PRCV" represents porcine 
respiratory coronavirus, "PPMV" represents porcine 
paramyxovirus, •-•Iowa" refers to the strain of PRRSV 
discovered by the present Inventors, "Type II" refers to 
Type II pneumocytes (which proliferate in infected pigs), 
"Inter." refers to interstitial septal infiltration by 
mononuclear cells, "Airway necrosis" refers to necrosis in 
terminal airways, and the symbols (-) and (+) through 
(++++) refer to a comparative severity scale as follows: 
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( - ) : negative ( not observed ) 

(+):mild (just above the threshold of observation) 
(++) : moderate 
(+++) : severe 
(++++) :most severe 

A "porcine reproductive and respiratory virus" or 
"PRRSV" causes a porcine reproductive and respiratory 
disease defined by one or more of the clinical signs, 
symptoms , lesions and histopathology as described above, 
and is characterized as being an enveloped RNA arterivirus, 
having a size of from 50 to 80 nm in diameter and from 250 
to 400 nm in length. "North American strains of PRRSV" 
refer to those strains of PRRSV which are native to North 
America* "U.S. strains of PRRSV" refer to strains of PRRSV 
native to the U.S., and "European strains of PRRSV" refer 
to strains native to Europe, such as Lelystad virus 
(deposited by the CDI [Lelystad, Netherlands] in the 
depository at the Institut Pasteur, Paris, France, under 
the deposit number 1-1102; see International Patent 
Publication No. WO 92/21375, published on December 10, 
1992) . 

The "Iowa strain" of PRRSV refers to (a) those strains 
of PRRSV isolated by the presented Inventors, (b) those 
strains having at least a 97% sequence identity (or 
homology) in the seventh open reading frame (ORF 7) with at 
least one of VR 2385, VR 2430 and VR 2431; (c) strains 
which, after no more than 5 passages, grow to a titer of at 
least 10 4 TCID 50 in CRL 11171 cells, MA-104 cells or PSP-36 
cells, (d) those strains having at least 80% and preferably 
at least 90% homology with one or more of ORF's 2-5 of VR 
2385, and (e) those strains which cause a greater 
percentage consolidation of lung tissue than Lelystad virus 
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(e.g., at 10 days post-infection, infected pigs exhibit at 
least 20% and preferably at least 40% lung consolidation) . 
Preferably, the Iowa strain of PRRSV is characterized by at 
least two of the above characteristics (a) -(e). 

The present invention is primarily concerned with 
polynucleic acids (segments of genomic RNA and/ or DNA, 
mRNA, cDNA, etc.) isolated from or corresponding to a 
porcine reproductive and respiratory syndrome virus 
(PRRSV) , proteins encoded by the DNA, methods of producing 
the polynucleic acids and proteins, vaccines which protect 
pigs from a PRRSV, a method of protecting a pig from a 
PRRSV using the vaccine, a method of producing the vaccine, 
a method of treating a pig infected by or exposed to a 
PRRSV, and a method of detecting a PRRSV. More 
particularly, the present invention is concerned with a 
vaccine which protects pigs from North American strains of 
PRRSV, a method of producing and administering the vaccine, 
and polynucleic acids and proteins obtained from an Iowa 
strain of PRRSV. However, it is believed that the 
information learned in the course of developing the present 
invention will be useful in developing vaccines and methods 
of protecting pigs against any and/ or all strains of 
porcine reproductive and respiratory syndrome. Therefore, 
the present invention is not necessarily limited to 
polynucleic acids, proteins, vaccines and methods related 
to the Iowa strain of PRRS virus (PRRSV) . 

The phrase "polynucleic acid" refers to RNA or DNA, as 
well as mRNA and cDNA corresponding to or complementary to 
the RNA or DNA isolated from the virus or infectious agent. 
An "ORF" refers to an open reading frame, or polypeptide- 
encoding segment, isolated from a viral genome, including 
the PRRSV genome. In the present polynucleic acid, an ORF 
can be included in part (as a fragment) or in whole, and 
can overlap with the 5'- or 3 '-sequence of an adjacent ORF 
(see Figs. 7 and 21, and Experiments I and IV below) . A 
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"poly nucleotide" is equivalent to a polynucleic acid, but 
may define a distinct molecule or group of molecules (e.g., 
as a subset of a group of polynucleic acids) . 

Referring now to Figures 1-2, flowcharts of procedures 
are provided for preparing types of vaccines encompassed by 
the present invention. The flowcharts of Figures 1-2 are 
provided as exemplary methods of producing the present 
vaccines, and are not intended to limit the present 
invention in any manner. 

The first step in each procedure detailed in Figures 
1-2 is to identify a cell line susceptible to infection 
with a porcine reproductive and respiratory virus or 
infectious agent. (To simplify the discussion concerning 
preparation of the vaccine, the term "virus" refers to a 
virus and/or other infectious agent associated with a 
porcine reproductive and respiratory disease.) A master 
cell stock (MCS) of the susceptible host cell is then 
prepared. The susceptible host cells continue to be 
passaged beyond MCS» Working cell stock (WCS) is prepared 
from cell passages between MCS and MCS+n. 

A master seed virus is propagated on the susceptible 
host cell line, between MCS and MCS+n, preferably on WCS. 
The raw virus is isolated by methods known in the art from 
appropriate, preferably homogenized, tissue samples taken 
from infected pigs exhibiting disease symptoms 
corresponding to those caused by the virus of interest. A 
suitable host cell, preferably a sample of the WCS, is 
infected with the raw virus, then cultured. Vaccine virus 
is subsequently isolated and plague-purif ied from the 
infected, cultured host cell by methods known in the art. 
Preferably, the virus to be used to prepare the vaccine is 
plaque-purified three times. 

Master seed virus (MSV) is then prepared from the 
plaque-purified virus by methods known in the art. The 
MSV(X) is then passaged in WCS at least four times through 
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MSV(X+1), MSV(X+2), MSV(X+3) and MSV(X+4) virus passages. 
The MSV(X+4) is considered to be the working seed virus. 
Preferably, the virus passage to be used in the pig studies 
and vaccine product of the present invention is MSV(X+5) , 
the product of the fifth passage. 

In conjunction with the working cell stock, the 
working seed virus is cultured by known methods in 
sufficient amounts to prepare a prototype vaccine, 
preferably MSV(X+5) . The present prototype vaccines may be 
of any type suitable for use in the veterinary medicine 
field. The primary types of vaccines on which the present 
invention focuses include a subunit vaccine (Figure 1) and 
a genetically engineered vaccine (Figure 2) . However, 
other types of vaccines recognized in the field of 
veterinary vaccines, including live, modified live, 
attenuated and killed virus vaccines, are also acceptable. 
A killed vaccine may be rendered inactive through chemical 
treatment or heat, etc. , in a manner known to the artisan 
of ordinary skill. 

An attenuated virus may be obtained by repeating 
serial passage of the virus in a suitable host cell a 
sufficient number of times to obtain an essentially non- 
virulent virus. For example, a PRRSV may be serially 
passaged from 1 to 20 times (or more, if desired) , in order 
to render it sufficiently attenuated for use as an 
attenuated vaccine. MSV(X+5) may be such an attenuated 
vaccine. 

In the procedures outlined by each of Figures 1-2, 
following preparation of a prototype vaccine, pig challenge 
models and clinical assays are conducted by methods known 
in the art. For example, before performing actual 
vaccination/ challenge studies, the disease to be prevented 
and/or treated must be defined in terms of its symptoms, 
clinical assay results, conditions, etc. As described 
herein, the Iowa strain of PRRSV has been defined in terms 
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of its histopathology and the clinical symptoms which it 
causes. Clinical analyses of the Iowa strain of PRRSV are 
described in detail in the Experiments below. 

One then administers a prototype vaccine to a pig, 
then exposes the pig to the virus which causes the disease . 
This is known as "challenging" the pig and its 
immunological system. After observing the response of the 
challenged pig to exposure to the virus or infectious agent 
and analyzing the ability of the prototype vaccine to 
protect the pig, efficacy studies are then performed by 
conventional, known methods. A potency assay is then 
developed in a separate procedure by methods known in the 
art, and prelicensing serials are then produced. 

Prior to preparation of the prototype subunit vaccine 
(Figure 1) , the protective or antigenic components of the 
vaccine virus should be identified. Such protective or 
antigenic components include certain amino acid segments or 
fragments of the viral proteins (preferably coat proteins) 
which raise a particularly strong protective or 
immunological response in pigs; such antigenic protein 
fragments fused to non-PRRSV proteins which act as a 
carrier and/or adjuvant; single or multiple viral coat 
proteins themselves, oligomers thereof, and higher-order 
associations of the viral coat proteins which form virus 
substructures or identifiable parts or units of such 
substructures; oligoglycosides, glycolipids or 
glycoproteins present on or near the surface of the virus 
or in viral substructures such as the nucleocapsid; 
lipoproteins or lipid groups associated with the virus, 
etc. 

Antigenic amino acid segments or fragments are 
preferably at least 5 amino acids in length, particularly 
preferably at least 10 amino acids in length , and can be up 
to but not including the entire length of the native 
protein. In the present invention, the binding affinity 
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(or binding constant or association constant) of an 
antigenic fragment is preferably at least 1% and more 
preferably at least 10% of the binding affinity of the 
corresponding full-length protein (i.e., which is encoded 
by the same ORF) to a monoclonal antibody which 
specifically binds the full-length protein. The monoclonal 
antibody which specifically binds to the full-length 
protein encoded by an ORF of a PRRSV is preferably 
deposited under the Budapest Treaty at an acceptable 
depository, or is sequenced or otherwise characterized in 
terms of its physicochemical properties (e.g., antibody 
type [IgG, IgM, etc.]/ molecular weight, number of heavy 
and light chains, binding affinities to one or more known 
or sequenced proteins [e.g., selected from SEQ ID NOS:15, 
17, 19, 21, 24, 26, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 
67, 69, 71, 73, 75 and 77], etc.). 

Antigenic fragments of viral proteins (e.g., those 
encoded by one or more of ORF's 2-6 of a PRRSV virus) are 
identified by methods known in the art. For example, one 
can prepare polynucleic acids having a truncated ORF 
encoding a polypeptide with a predetermined number of amino 
acid residues deleted from the N-terminus, C-terminus, or 
both. The truncated ORF can be expressed in vitro or in 
vivo in accordance with known methods, and the 
corresponding truncated polypeptide can then be isolated in 
accordance with known methods. The immunoprotective 
properties of the polypeptides may be measured directly 
(e.g., in vivo). Alternatively, the antigenic region (s) of 
the full-length polypeptide can be determined indirectly by 
screening a series of truncated polypeptides against, for 
example, suitably deposited or characterized monoclonal 
antibodies. (If the alternative, indirect method is 
performed, the failure of a truncated polypeptide to bind 
to a neutralizing monoclonal antibody is a strong 
indication that the portion of the full-length polypeptide 
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deleted in the truncated polypeptide contains an antigenic 
fragment.) Once identified, the antigenic or 
immunoprotective portion (s) (the "subunit (s) 11 ) of the viral 
proteins or of the virus itself may be subsequently cloned 
and /or purified in accordance with known methods. (The 
viral /bacterial inactivation and subunit purification 
protocols recited in Fig. 1 are optional.) 

Genetically engineered vaccines (Figure 2) begin with 
a modification of the general procedure used for 
preparation of the other vaccines. After plaque- 
purification, the PRRS virus may be isolated from a 
suitable tissue homogenate by methods known in the art, 
preferably by conventional cell culture methods using PSP- 
36, ATCC CRL 11171 or macrophage cells as hosts. 

The RNA is extracted from the biologically pure virus 
by a known method, preferably by the guanidine 
isothiocyanate method using a commercially available RNA 
isolation kit (for example, the kit available from 
Stratagene, La Jolla, California), and purified by one or 
more known methods, preferably by ultracentrifugation in a 
CsCl gradient. Messenger RNA may be further purified or 
enriched by oligo (dT) -cellulose column chromatography. 

The viral genome is then cloned into a suitable host 
by methods known in the art (see Maniatis et al , "Molecular 
Cloning: A Laboratory Manual," Cold Spring Harbor 
Laboratory (1989), Cold Spring Harbor, Massachusetts). The 
virus genome is then analyzed to determine essential 
regions of the genome for producing antigenic portions of 
the virus. Thereafter, the procedure for producing a 
genetically engineered vaccine is essentially the same as 
for a modified live vaccine, an inactivated vaccine or a 
subunit vaccine (see Figure 1 of the present application 
and Figures 1-3 of U.S. application Serial No. 08/131,625). 
During prelicensing serials, expression of the cloned, 
recombinant subunit of a subunit vaccine may be optimized 
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by methods known to those in the art (see, for example r 
relevant sections of Maniatis et al . cited above) . 

The present vaccine protects pigs against a virus or 
infectious agent which causes a porcine reproductive and 
respiratory disease. Preferably, the present vaccine 
protects pigs against infection by PRRSV. However, the 
present vaccine is also expected to protect a pig against 
infection by closely related variants of various strains of 
PRRSV as well, 

Subunit virus vaccines may also be prepared from semi- 
purified virus subunits by the methods described above in 
the discussion of Figute 1. For example, hemagglutinin 
isolated from influenza virus and neuraminidase surface 
antigens isolated from influenza virus have been prepared, 
and shown to be less toxic than the whole virus. Subunit 
vaccines can also be prepared from highly purified subunits 
of the virus. An example in humans is the 22-nm surface 
antigen of human hepatitis B virus. Human herpes simplex 
virus subunits and many other examples of subunit vaccines 
for use in humans are known. Thus, methods of preparing 
purified subunit vaccines from PRRSV cultured in a suitable 
host cell may be applicable to the present subunit vaccine. 

Attenuated virus vaccines can be found in nature and 
may have naturally-occurring gene deletions (see 
Experiments VIII and IX below) . Alternatively, attenuated 
vaccines may be prepared by a variety of known methods, 
such as serial passage (e.g., 5-25 times) in cell cultures 
or tissue cultures. However, the attenuated virus vaccines 
preferred in the present invention are those attenuated by 
recombinant gene deletions or gene mutations (as described 
above) . 

Genetically engineered vaccines are produced by 
techniques known to those in the art. Such techniques 
include those using recombinant DNA and those using live 
viruses. For example, certain virus genes can be 
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identificd which code for proteins responsible for inducing 
a stronger immune or protective response in pigs* Such 
identified genes can be cloned into protein expression 
vectors, such (but not limited to) as the baculovirus 
vector (see, for example, Q / Reillv et al . "Baculovirus 
Expression Vectors: A Lab Manual , " Freeman & Co. (1992))* 
The expression vector containing the gene encoding the 
immunogenic virus protein can be used to infect appropriate 
host cells* The host cells are cultured, thus expressing 
the desired vaccine proteins, which can be purified to a 
desired extent, then used to protect the pigs from a 
reproductive and respiratory disease. 

Genetically engineered proteins may be expressed, for 
example, in insect cells, yeast cells or mammalian cells. 
The genetically engineered proteins , which may be purified 
and/or isolated by conventional methods, can be directly 
inoculated into animals to confer protection against 
porcine reproductive and respiratory diseases. One or more 
envelope proteins from a PRRSV (i.e., those encoded by 
ORF's 2-6) or antigenic portions thereof may be used in a 
vaccine to induce neutralizing antibodies. Nucleoproteins 
from a PRRSV may be used in a vaccine to induce cellular 
immunity. 

Preferably, the present invention transforms an insect 
cell line (HI -FIVE) with a transfer vector containing 
polynucleic acids obtained from the Iowa strain of PRRSV. 
Preferably, the present transfer vector comprises 
linearized baculovirus DNA and a plasmid containing one or 
more polynucleic acids obtained from the Iowa strain of 
PRRSV. The host cell line may be co-transfected with the 
linearized baculovirus DNA and a plasmid, so that a 
recombinant baculovirus is made. Particularly preferably, 
the present polynucleic acid encodes one or more proteins 
of the Iowa strain of PRRSV. 
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Alternatively, RNA or DNA from a PRRSV encoding one or 
more viral proteins (e.g., envelope and/or nucleoproteins) 
can be inserted into live vectors, such as a poxvirus or an 
adenovirus, and used as a vaccine. 

Thus, the present invention further concerns a 
purified preparation of a polynucleic acid isolated from 
the genome of a PRRS virus, preferably a polynucleic acid 
isolated from the genome of the Iowa strain of PRRSV. The 
present polynucleic acid has utility (or usefulness) in the 
production of the present vaccine, in screening or 
identifying infected or exposed animals, in identifying 
related viruses and/ or infectious agents, and as a vector 
for transforming cells and/or immunizing animals (e.g., 
pigs) with heterologous genes. 

In the Experiments described hereinbelow, the 
isolation, cloning and sequencing of ORF's 2-7 of plaque- 
purified PRRSV isolate ISU-12 (deposited on October 30, 

1992, in the American Type Culture Collection, 12301 
Parklawn Drive, Rock vi lie, Maryland 20852, U.S.A., under 
the accession numbers VR 2385 [3 x plaque-purified] and VR 
2386 [ non-plaque-purified ] ) and ORF's 6-7 of PRRSV isolates 
ISU-22, ISU-55 and ISU-3927 (deposited on September 29, 

1993, in the American Type Culture Collection under the 
accession numbers VR 2429, VR 2430 and VR 2431, 
respectively), ISU-79 and ISU-1894 (deposited on August 31, 

1994, in the American Type Culture Collection under the 
accession numbers VR 2474 and VR 2475, respectively) are 
described in detail- However, the techniques used to 
isolate, clone and sequence these genes can be also applied 
to the isolation, cloning and sequencing of the genomic 
polynucleic acids of any PRRSV- Thus, the present 
invention is not limited to the specific sequences 
disclosed in the Experiments below. 

For example, primers for making relatively large 
amounts of DNA by the polymerase chain reaction (and if 



WO 96/06619 



-31- 



PCT/US95/10904 



desired, for making RNA by transcription and/or protein by 
translation in accordance with known in vivo or In vitro 
methods) can be designed on the basis of sequence 
information where more than one sequence obtained from a 
PRRSV genome has been determined (e.g., ORF's 2-5 of VR 
2385 and Lelystad virus, or ORF's 6-7 of VR 2385, VR 2429, 
VR 2430, ISU-79, ISU-1894, VR 2431 and Lelystad virus). A 
region from about 15 to 50 nucleotides in length having at 
least 80% and preferably at least 90% identity is selected 
from the determined sequences. A region where a deletion 
occurs in one of the sequences (e.g., of at least 5 
nucleotides) can be used as the basis for preparing a 
selective primer for selective amplification of the 
polynucleic acid of one strain or type of PRRSV over 
another (e.g. , for the differential diagnosis of North 
American and European PRRSV strains) . 

Once the genomic polynucleic acid is amplified and 
cloned into a suitable host by known methods, the clones 
can be screened with a probe designed on the basis of the 
sequence information disclosed herein. For example, a 
region of from about 50 to about 500 nucleotides in length 
is selected on the basis of either a high degree of 
identity (e.g., at least 90%) among two or more sequences 
(e.g., in ORF's 6-7 of the Iowa strains of PRRSV disclosed 
in Experiment III below) , and a polynucleotide of suitable 
length and sequence identity can be prepared by known 
methods (such as automated synthesis, or restriction of a 
suitable fragment from a polynucleic acid containing the 
selected region, PGR amplification using primers which 
hybridize specifically to the polynucleotide, and isolation 
by electrophoresis) . The polynucleotide may be labeled 
with, for example, J2 P (for radiometric identification) or 
biotin (for detection by f luorometry) . The probe is then 
hybridized with the polynucleic acids of the clones and 
detected according to known methods. 
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The present Inventors have discovered that ORF 4 
appears to be related to the virulence of PRRSV. For 
example, at least one isolate of PRRSV which shows 
relatively low virulence also appears to have a deletion in 
ORF 4 (see, for example, Experiments VIII-XI below) . 
Accordingly, in a preferred embodiment, the present 
invention is concerned with a polynucleic acid obtained 
from a PRRSV isolate which confers immunogenic protection 
directly or indirectly against a subsequent challenge with 
a PRRSV, but in which ORF 4 is deleted or mutated to an 
extent which would render a PRRSV containing the 
polynucleic acid either low-virulent (i.e., a "low 
virulence" (Iv) phenotype; see the explanation below) or 
non-virulent (a so-called "deletion mutant"). Preferably, 
ORF 4 is deleted or mutated to an extent which would render 
a PRRS virus non-virulent. However, it may be desirable to 
retain regions of a PRRSV ORF 4 in the present polynucleic 
acid which (i) encode an antigenic, immunoprotective 
peptide fragment and (ii) would not confer virulence to a 
PRRS virus containing the polynucleic acid. 

The present invention also encompasses a PRRSV per se 
in which ORF 4 is deleted or mutated to an extent which 
renders it either low-virulent or non-virulent (e.g., VR 
2431) . Such a virus is useful as a vaccine or as a vector 
for transforming a suitable host (e.g., MA-104, PSP 36, CRL 
11171, MARC-145 or porcine alveolar macrophage cells) with 
a heterologous gene. Preferred heterologous genes which 
may be expressed using the present deletion mutant may 
include those encoding a protein or an antigen other than a 
porcine reproductive and respiratory syndrome virus antigen 
(e.g., pseudorabies and/or swine influenza virus proteins 
and/or polypeptide-containing antigens, a porcine growth 
hormone, etc.) or a polypeptide-based adjuvant (such as 
those discussed below for the present vaccine composition) . 
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It may also be desirable in certain embodiments of the 
present polynucleic acid which contain, for example, the 
3'-terminal region of ORF 3 (e.g., from 200 to 700 
nucleotides in length), at least part of which may overlap 
with the 5 '-region of ORF 4. Similarly, where the 3'- 
terminal region of ORF 4 may overlap with the 5 '-terminal 
region of ORF 5, it may be desirable to retain the 5'- 
region of ORF 4 which overlaps with ORF 5. 

The present Inventors have also discovered that ORF 5 
in the PRRSV genome appears to be related to replication of 
the virus in mammalian host cells capable of sustaining a 
culture while infected with PRRSV. Accordingly, the 
present invention is also concerned with polynucleic acids 
obtained from a PRRSV genome in which ORF 5 may be present 
in multiple copies (a so-called "overproduction mutant"). 
For example, the present polynucleic acid may contain at 
least two, and more preferably, from 2 to 10 copies of ORF 
5 from a high-replication (hr) phenotype PRRSV isolate. 

Interestingly, the PRRSV isolate ISU-12 has a 
surprisingly large number of potential start codons 
(ATG/AUG sequences) near the 5 '-terminus of ORF 5, possibly 
indicating alternate start sites of this gene (see SEQ ID 
NO: 13). Thus, alternate forms of the protein encoded by 
ORF 5 of a PRRSV isolate may exist, particularly where 
alternate ORF's encode a protein having a molecular weight 
similar to that determined experimentally (e.g., from about 
150 to about 250 amino acids in length) . The most likely 
coding region for ORF 5 of ISU-12 (SEQ ID NO: 14) is 
indicated in Figure 7. 

One can prepare deletion and overproduction mutants in 
accordance with known methods. For example, one can 
prepare a mutant polynucleic acid which contains a "silent" 
or degenerate change in the sequence of a region encoding a 
polypeptide. By selecting and making an appropriate 
degenerate mutation, one can substitute a polynucleic acid 
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sequence recognized by a known restriction enzyme. For 
example, if such a silent, degenerate mutation is made at 
one or two of the 3 '-end of ORF 3 and the 5'- and 3 '-ends 
of ORF 4 and ORF 5, one can insert a synthetic polynucleic 
acid (a so-called "cassette") which may contain multiple 
copies of ORF 5, multiple copies of a viral envelope 
protein or an antigenic fragment thereof. The "cassette" 
may be preceded by a suitable initiation codon (ATG) , and 
may be suitably terminated with a termination codon at the 
3 '-end (TAA f TAG or TGA) • 

Of course, an oligonucleotide sequence which does not 
encode a polypeptide may be inserted, or alternatively, no 
cassette may be inserted. By doing so, one may provide a 
so-called deletion mutant. 

Thus, in one embodiment of the present invention, the 
polynucleic acid encodes one or more proteins, or antigenic 
regions thereof, of a PRRSV. Preferably, the present 
nucleic acid encodes at least one antigenic region of a 
PRRSV membrane (envelope) protein. More preferably, the 
present polynucleic acid contains at least one copy of the 
ORF-5 gene from a high virulence (hv) phenotype isolate of 
PRRSV (see the description of "hv phenotype" below) and a 
sufficiently long fragment, region or sequence of at least 
one of ORF-2, ORF-3, ORF-4, ORF -5 and/or ORF-6 from the 
genome of a PRRSV isolate to encode an antigenic region of 
the corresponding protein (s) and effectively stimulate 
immunological protection against a subsequent challenge 
with an hv phenotype PRRSV isolate. Even more preferably, 
at least one entire envelope protein encoded by ORF-2, ORF- 
3, ORF-5 and/or ORF-6 of a PRRSV is contained in the 
present polynucleic acid, and the present polynucleic acid 
excludes a sufficiently long portion of ORF 4 from an hv 
PRRSV to render a PRRSV containing the same either low- 
virulent or non-virulent. Particularly preferably, the 
present polynucleic acid excludes the entire region of an 
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hv PRRSV ORF 4 which does not overlap with the 3 '-end of 
ORF 3 and the 5 '-end of ORF 5. 

Most preferably, the polynucleic acid is isolated from 
the genome of an isolate of the Iowa strain of PRRSV (for 
example, VR 2385 (3X plaque-purified ISU-12) , VR 2386 (non- 
plague-purified ISU-12), VR 2428 (ISU-51) , VR 2429 (ISU- 
22), VR 2430 (ISU-55) , VR 2431 (ISU-3927) , ISU-79 and/or 
ISU-1894. 

A preferred embodiment of the present invention 
concerns a purified preparation which may comprise, consist 
essentially of or consist of a polynucleic acid having a 
sequence of the formula (I) : 

5'-a-/?-Y-3' (I) 

wherein a encodes at least one polypeptide or antigenic 
fragment thereof encoded by a polynucleotide selected from 
the group consisting of ORF 2 and ORF 3 of an Iowa strain 
of PRRSV and regions thereof encoding the antigenic 
fragments; and $ is either a covalent bond or a linking 
polynucleic acid which excludes a sufficiently long portion 
of ORF 4 from an hv PRRSV to render the hv PRRSV either 
low- virulent or non-virulent; and y is at least one copy of 
an ORF 5 from an Iowa strain of PRRSV, preferably from a 
high replication (hr) phenotype. 

Alternatively, the present invention may concern a 
purified preparation which may comprise, consist 
essentially of or consist of a polynucleic acid having a 
sequence of the formula (II) ; 

5 r~ y -S-e-3' (II) 

where -y is at least one copy of an ORF 5 from an Iowa 
strain of PRRSV, preferably from an hv PRRSV isolate; S is 
either a covalent bond or a linking polynucleic acid which 
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does not materially affect transcription and/or translation 
of the polynucleic acid; and e encodes at least one 
polypeptide or antigenic fragment thereof encoded by a 
polynucleotide selected from the group consisting of ORF 6 
and ORF 7 of an Iowa strain of PRRSV and regions thereof 
encoding the antigenic fragments; and when 6 is a covalent 
bond, y may have a 3 '-end which excludes the region 
overlapping with the 5 '-end of a corresponding ORF 6, 
Preferably, 6 is a polynucleotide encoding at least an 
antigenic region of a protein encoded by an ORF 6 of an 
Iowa strain of PRRSV, and more preferably, encodes at least 
a protein encoded by an ORF 6 of an Iowa strain of PRRSV. 

The present invention may also concern a purified 
preparation which may comprise, consist essentially of or 
consist of a polynucleic acid having a sequence of the 
formula (III) : 

5'-a-/S-Y-f-e-3' (III) 

where a, p, y, S and e are as defined in formulas (I) and 
(II) above. Thus, the present polynucleic acid may be 
selected from the group consisting of, from 5' to 3': 

(ORF 5) n (IV) 
f-(ORF 5) n (V) 
(ORF 5) n -7?(VI) 
f-(ORF 5) n -r;(VII) 

where : 

f is selected from the group consisting of ORF 2-, ORF 3-, 
ORF 4*-, ORF 2-ORF 3-, ORF 2-ORF 4*-, ORF 3-ORF 4*- and ORF 
2-ORF 3-ORF 4*-; and 

r) is selected from the group consisting of -ORF 5*, -ORF 6, 
-ORF 7, -ORF 5* -ORF 6, -ORF 5*-ORF 7, -ORF 6 -ORF 7 and -ORF 
5*-ORF 6-ORF 7; 
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polynucleic acid from ORF la and lb of a PRRSV isolate is 
obtained from an Iowa strain of PRRSV. 

Similar to the methods described above and in the 
following Experiments for ORF's 2-7, one can prepare a 
library of recombinant clones (e.g., using E. coli as a 
host) containing suitably prepared restriction fragments of 
a PRRSV genome (e.g., inserted into an appropriate plasmid 
expressible in the host) . The clones are then screened 
with a suitable probe (e.g, based on a conserved sequence 
of ORF's 2-3; see, for example, Figure 22). Positive 
clones can then be selected and grown to an appropriate 
level. The polynucleic acids can then be isolated from the 
positive clones in accordance with known methods. A 
suitable primer for PCR can then be designed and prepared 
as described above to amplify the desired region of the 
polynucleic acid. The amplified polynucleic acid can then 
be isolated and sequenced by known methods. 

The present purified preparation may also contain a 
polynucleic acid selected from the group consisting of 
sequences having at least 97% sequence identity (or 
homology) with at least one ORF 7 of VR 2385, VR 2430 
and/or VR 2431; and sequences having at least 80% and 
preferably at least 90% sequence identity (or homology) 
with at least one of ORF's 1-6 of VR 2385, VR 2428, VR 
2429, VR 2430 and/or VR 2431. Preferably, the polynucleic 
acid excludes a sufficiently long region or portion of ORF 
4 Of the hV PRRSV isolates VR 2385, VR 2429, ISU-28, ISU-79 
and/or ISU-984 to render the isolate low-virulent or non- 
virulent. 

In the context of the present application, "homology" 
refers to the percentage of identical nucleotide or amino 
acid residues in the sequences of two or more viruses, 
aligned in accordance with a conventional method for 
determining homology (e.g., the MACVECTOR or GENEWORKS 
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computer programs, aligned in accordance with the procedure 
described in Experiment III below) . 

Accordingly, a further aspect of the present invention 
encompasses an isolated polynucleic acid at least 90% 
homologous to a polynucleotide which encodes a protein, 
polypeptide or fragment thereof encoded by ORF's 1-7 from 
an Iowa strain of PRRSV (e.g., SEQ ID NOS:15 r 17, 19, 43, 
45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65 and 67). 
Preferably, the present isolated polynucleic acid encodes a 
protein, polypeptide, or antigenic fragment thereof which 
is at least 10 amino acids in length and in which amino 
acids non-essential for antigenicity may be conservatively 
substituted • An amino acid residue in a protein, 
polypeptide, or antigenic fragment thereof is 
conservatively substituted if it is replaced with a member 
of its polarity group as defined below: 
Basic amino acids : 

lysine (Lys) , arginine (Arg) , histidine (His) 
Acidic amino acids : 

aspartic acid (Asp) , glutamic acid (Glu) , asparagine 
(Asn) , glutamine (Gin) 
Hvdrophilic. nonionic amino acids : 

serine (Ser) , threonine (Thr) , cysteine (Cys) , 
asparagine (Asn) , glutamine (Gin) 
Sulfur-containino amino acids : 

cysteine (Cys) , methionine (Met) 
Hydrophobic, aromatic amino acids : 

phenylalanine (Phe) , tyrosine (Tyr) , tryptophan (Trp) 
Hydrophobic, nonaromatic amino acids ; 

glycine (Gly) , alanine (Ala) , valine (Val) , leucine 
(Leu) , isoleucine (He) , proline (Pro) 

More particularly, the present polynucleic acid 
encodes one or more of the protein (s) encoded by the 
second, third, fourth, fifth, sixth and/ or seventh open 
reading frames (ORF's 2-7) of the PRRSV isolates VR 2385, 
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enables detection of an amplified polynucleic acid. 
Preferably, the reagent is an intercalating dye, the 
fluorescent properties of which change upon intercalation 
into double-stranded DNA. 

ORF's 6 and 7 are not likely candidates for 
controlling virulence and replication phenotypes of PRRSV, 
as the nucleotide sequences of these genes are highly 
conserved among high virulence (hv) and low virulence (lv) 
isolates (see Experiment III below) . However, ORF 5 in 
PRRSV isolates appears to be less conserved among high 
replication (hr) and low replication (lr) isolates. 
Therefore, it is believed that the presence of an ORF 5 
from an hr PRRSV isolate in the present polynucleic acid 
will enhance the production and expression of a recombinant 
vaccine produced from the polynucleic acid. 

Accordingly, it is preferred that the present 
polynucleic acid, when used for immunoprotective purposes 
(e.g., in the preparation of a vaccine), contain at least 
one copy of ORF 5 from a high-replication isolate (i.e., an 
isolate which grows to a titer of 10 fi -l0 7 TCID S0 in, for 
example, CRL 11171 cells; also see the discussions in 
Experiments VIII-XI below) . 

On the other hand, the lv isolate VR 2431 appears to 
be a deletion mutant, relative to hv isolates (see 
Experiments III and VTII-XI below) . The deletion appears 
to be in ORF 4, based on Northern blot analysis. 
Accordingly, when used for immunoprotective purposes, the 
present polynucleic acid preferably does not contain a 
region of ORF 4 from an hv isolate responsible for its high 
virulence, and more preferably, excludes the region of ORF 
4 which does not overlap with the adjacent ORF's 3 and 5 
(where ORF 4 overlaps with the adjacent ORF's 3 and 5). 

It is also known (at least for PRRSV) that neither the 
nucleocapsid protein nor antibodies thereto confer 
immunological protection against the virus (e.g., PRRSV) to 
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pigs* Accordingly, the present polynucleic acid, when used 
for immunoprotective purposes, contains one or more copies 
of one or more regions from ORF's 2, 3, 4, 5 and 6 of a 
PRRSV isolate encoding an antigenic region of the viral 
envelope protein, but which does not result in the symptoms 
or histopathological changes associated with PRRS. 
Preferably, this region is immunologically cross-reactive 
with antibodies to envelope proteins of other PRRSV 
isolates. Similarly, the protein encoded by the present 
immunoprotective polynucleic acid confers immunological 
protection to a pig administered a composition comprising 
the protein, and antibodies to this protein are 
immunologically cross-reactive with the envelope proteins 
of other PRRSV isolates. More preferably, the present 
immunoprotective polynucleic acid encodes the entire 
envelope protein of a PRRSV isolate or a protein at least 
80% homologous thereto and in which non-homologous residues 
are conservatively substituted, or a protein at least 90% 
homologous thereto. 

The present isolated polynucleic acid fragments can be 
obtained by digestion of the cDNA corresponding to 
(complementary to) the viral polynucleic acids with one or 
more appropriate restriction enzymes, can be amplified by 
PCR and cloned, or can be synthesized using a commercially 
available automated polynucleotide synthesizer. 

Another embodiment of the present invention concerns 
one or more proteins or antigenic fragments thereof from a 
PRRS virus, preferably from the Iowa strain of PRRSV. As 
described above, an antigenic fragment of a protein from a 
PRRS virus (preferably from the Iowa strain of PRRSV) is at 
least 5 amino acids in length, particularly preferably at 
least 10 amino acids in length, and provides or stimulates 
an immunologically protective response in a pig 
administered a composition containing the antigenic 
fragment. 
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Methods of determining the antigenic portion of a 
protein are known to those of ordinary skill in the art 
(see the description above) . In addition, one may also 
determine an essential antigenic fragment of a protein by 
first showing that the full-length protein is antigenic in 
a host animal (e.g., a pig). If the protein is still 
antigenic in the presence of an antibody which specifically 
binds to a particular region or sequence of the protein, 
then that region or sequence may be non-essential for 
immunoprotection. On the other hand, if the protein is no 
longer antigenic in the presence of an antibody which 
specifically binds to a particular region or sequence of 
the protein, then that region or sequence is considered to 
be essential for antigenicity. 

The present invention also concerns a protein or 
antigenic fragment thereof encoded by one or more of the 
polynucleic acids defined above, and preferably by one or 
more of the ORF's of a PRRSV, more preferably of the Iowa 
strain of PRRSV. The present proteins and antigenic 
fragments are useful in immunizing pigs against PRRSV, in 
serological tests for screening pigs for exposure to or 
infection by PRRSV (particularly the Iowa strain of PRRSV) , 
etc. 

For example, the present protein may be selected from 
the group consisting of the proteins encoded by ORF's 2-7 
of VR 2385, ISU-22 (VR 2429), ISU-55 (VR 2430), ISU-1894, 
ISU-79 and ISU-3927 (VR 2431) (e.g., SEQ ID NOS:15, 17, 19, 
43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 67, 69 and 71); 
antigenic regions of at least one of the proteins of SEQ ID 
SEQ ID NOS:15 f 17, 19, 43, 45, 47, 49, 51, 53, 55, 57, 59, 
61, 67, 69 and 71 having a length of from 5 amino acids to 
less than the full length of the polypeptides of SEQ ID 
NOS:15, 17, 19, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 67, 
69 and 71; polypeptides at least 80% homologous with a 
protein encoded by one of the ORF's 2-5 of VR 2385 (SEQ ID 
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NOS:15, 67, 69 and 71); and polypeptides at least 97% 
homologous with a protein encoded by one of the ORF's 6-7 
Of VR 2385 , VR 2429, VR 2430, ISU-1894, ISU-79 and VR 2431 
(e.g., SEQ ID NOS:17, 19, 43, 45, 47, 49, 51, 53, 55, 57, 
59 and 61)* Preferably, the present protein has a sequence 
selected from the group consisting of SEQ ID NOS:15, 17, 
19, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 67, 69 and 71; 
variants thereof which provide effective immunological 
protection to a pig administered the same and in which from 
1 to 100 (preferably from 1 to 50 and more preferably from 
1 to 25) deletions or conservative substitutions in the 
amino acid sequence exist; and antigenic fragments thereof 
at least 5 and preferably at least 10 amino acids in length 
which provide effective immunological protection to a pig 
administered the same. 

More preferably, the present protein variant or 
protein fragment has a binding affinity (or association 
constant) of at least 1% and preferably at least 10% of the 
binding affinity of the corresponding full-length, 
naturally-occurring protein to a monoclonal antibody which 
specifically binds to the full-length, naturally-occurring 
protein (i.e., the protein encoded by a PRRSV ORF) . Most 
preferably, the present protein has a sequence selected 
from the group consisting of SEQ ID NO: 15, SEQ ID NO: 17, 
SEQ ID NO: 19, SEQ ID NO:43, SEQ ID NO:45, SEQ ID NO:47, SEQ 
ID NO: 49, SEQ ID NO: 51, SEQ ID NO: 53, SEQ ID NO: 55, SEQ ID 
NO:57, SEQ ID NO:59, SEQ ID N0:61, SEQ ID NO:67, SEQ ID 
NO: 69 and SEQ ID NO: 71. 

The present invention may also concern a biologically 
pure virus, characterized in that it contains the present 
polynucleic acid and/ or that it causes a porcine 
reproductive and respiratory disease which may include one 
or more of the following histological lesions: gross 
and/or microscopic lung lesions (e.g., lung consolidation), 
Type II pneumocy tes , myocarditis, encephalitis, alveolar 
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exudate formation and syncytia formation. The phrase 
"biologically pure" refers to a sample of a virus or 
infectious agent in which all progeny are derived from a 
single parent. Usually, a "biologically pure" virus sample 
is achieved by 3 x plague purification in cell culture. 

In particular, the present biologically pure virus or 
infectious agent is an isolate of the Iowa strain of 
porcine reproductive and respiratory syndrome virus, 
samples of which have been deposited under the terms of the 
Budapest Treaty at the American Type Culture Collection, 
12301 Parklawn Drive, Rockville, Maryland 20852, U.S.A., 
under the accession numbers VR 2385, VR 2386, VR 2428, VR 
2429, VR 2430, VR 2431, VR 2474 and VR 2475. 

In addition to the characteristics (a) -(e) described 
above, the Iowa strain of PRRSV may also be characterized 
by Northern blots of its mRNA. For example, the Iowa 
strain of PRRSV may contain either 7 or 9 mRNA's, and may 
also have deletions or variations in their size. In 
particular, as will be described in the Experiments below, 
the mRNA's of the Iowa strain of PRRSV may contain up to 
four deletions, relative to VR 2385/VR 2386. 

The present invention further concerns a composition 
for protecting a pig from viral infection, comprising an 
amount of the present vaccine effective to raise an 
immunological response to a virus which causes a porcine 
reproductive and respiratory disease in a physiologically 
acceptable carrier. 

An effective amount of the present vaccine is one in 
which a sufficient immunological response to the vaccine is 
raised to protect a pig exposed to a virus which causes a 
porcine reproductive and respiratory disease or related 
illness. Preferably, the pig is protected to an extent in 
which from one to all of the adverse physiological symptoms 
or effects (e.g. , lung lesions) of the disease to be 
prevented are found to be significantly reduced. 
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The composition can be administered in a single dose, 
or in repeated doses. Dosages may contain, for example, 
from 1 to 1,000 micrograms of virus-based antigen 
(vaccine) , but should not contain an amount of virus-based 
antigen sufficient to result in an adverse reaction or 
physiological symptoms of infection. Methods are known in 
the art for determining suitable dosages of active 
antigenic agent. 

The composition containing the present vaccine may be 
administered in conjunction with an adjuvant or with an 
acceptable carrier which may prolong or sustain the 
immunological response in the host animal. An adjuvant is 
a substance that increases the immunological response to 
the present vaccine when combined therewith. The adjuvant 
may be administered at the same time and at the same site 
as the vaccine or at a different time, for example, as a 
booster. Adjuvants also may advantageously be administered 
to the animal in a manner or at a site or location 
different from the manner, site or location in which the 
vaccine is administered. Adjuvants include aluminum 
hydroxide, aluminum potassium sulfate, heat-labile or heat- 
stable enterotoxin isolated from Escherichia coli f cholera 
toxin or the B subunit thereof, diphtheria toxin, tetanus 
toxin, pertussis toxin, Freund's incomplete adjuvant, 
Freund's complete adjuvant, and the like. Toxin-based 
adjuvants, such as diphtheria toxin, tetanus toxin and 
pertussis toxin, may be inactivated prior to use, for 
example, by treatment with formaldehyde. 

The present invention also concerns a method of 
protecting a pig from infection against a virus which 
causes a porcine reproductive and respiratory disease, 
comprising administering an effective amount of a vaccine 
which raises an immunological response against such a virus 
to a pig in need of protection against infection by such a 
virus. By "protecting a pig from infection" against a 
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porcine reproductive and respiratory syndrome virus or 
infectious agent, it is meant that after administration of 
the present vaccine to a pig, the pig shows reduced (less 
severe) or no clinical symptoms (such as fever) associated 
with the corresponding disease, relative to control 
(infected) pigs. The clinical symptoms may be quantified 
(e.g., fever, antibody count, and/or lung lesions), semi* 
quantified (e.g., severity of respiratory distress), or 
qualified. 

The present invention concerns a system for measuring 
respiratory distress in affected pigs. The present 
clinical respiratory scoring system evaluates the 
respiratory distress of affected pigs by the following 
scale: 

0 =no disease; normal breathing 

1 =mild dyspnea and polypnea when the pigs are stressed 
(forced to breathe in larger volumes and/ or at an 
accelerated rate) 

2 =mild dyspnea and polypnea when the pigs are at rest 

3 ^moderate dyspnea and polypnea when the pigs are stressed 

4 ^moderate dyspnea and polypnea when the pigs are at rest 

5 =severe dyspnea and polypnea when the pigs are stressed 

6 ^severe dyspnea and polypnea when the pigs are at rest 

In the present clinical respiratory scoring system, a 
score of W 0 W is normal, and indicates that the pig is 
unaffected by a porcine reproductive and respiratory 
disease. A score of "3 n indicates moderate respiratory 
disease, and a score of M 6" indicates very severe 
respiratory disease. An amount of the present vaccine or 
composition may be considered effective if a group of 
challenged pigs given the vaccine or composition show a 
lower average clinical respiratory score than a group of 
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identically challenged pigs not given the vaccine or 
composition. (A pig is considered "challenged" when 
exposed to a concentration of an infectious agent 
sufficient to cause disease in a non- vaccina ted animal.) 

Preferably, the present vaccine composition is 
administered directly to a pig not yet exposed to a virus 
which causes a reproductive or respiratory disease. The 
present vaccine may be administered orally or parenterally . 
Examples of parenteral routes of administration include 
intradermal , intramuscular , intravenous , intraperitoneal , 
subcutaneous and intranasal routes of administration. 

When administered as a solution, the present vaccine 
may be prepared in the form of an aqueous solution, a 
syrup, an elixir, or a tincture. Such formulations are 
known in the art, and are prepared by dissolution of the 
antigen and other appropriate additives in the appropriate 
solvent systems. Such solvents include water, saline, 
ethanol, ethylene glycol, glycerol, Al fluid, etc. 
Suitable additives known in the art include certified dyes, 
flavors, sweeteners, and antimicrobial preservatives, such 
as thimerosal (sodium ethylmercurithiosalicylate) . Such 
solutions may be stabilized, for example, by addition of 
partially hydrolyzed gelatin, sorbitol, or cell culture 
medium, and may be buffered by methods known in the art, 
using reagents known in the art, such as sodium hydrogen 
phosphate, sodium dihydrogen phosphate, potassium hydrogen 
phosphate and/ or potassium dihydrogen phosphate. 

Liquid formulations may also include suspensions and 
emulsions. The preparation of suspensions, for example 
using a colloid mill, and emulsions, for example using a 
homogenizer, is known in the art. 

Parenteral dosage forms, designed for injection into 
body fluid systems, require proper isotonicity and pH 
buffering to the corresponding levels of porcine body 
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fluids. Parenteral formulations must also be sterilized 
prior to use. 

Isotonicity can be adjusted with sodium chloride and 
other salts as needed, other solvents, such as ethanol or 
propylene glycol, can be used to increase solubility of 
ingredients of the composition and stability of the 
solution. Further additives which can be used in the 
present formulation include dextrose, conventional 
antioxidants and conventional chelating agents, such as 
ethylenediamine tetraacetic acid (EDTA) . 

The present invention also concerns a method of 
producing the present vaccine, comprising the steps of 
synthesizing or isolating a polynucleic acid of a PRRS 
virus (preferably the Iowa strain) encoding an antigenic 
protein or portion thereof (preferably the viral coat 
protein) , infecting a suitable host cell with the 
polynucleic acid, culturing the host cell, and isolating 
the antigenic protein or portion thereof from the culture. 
Alternatively, the polynucleic acid itself can confer 
immunoprotective activity to a host animal to which it is 
admin ister ed . 

Preferably, the vaccine is collected from a culture 
medium by the steps of (i) precipitating transfected, 
cultured host cells, (ii) lysing the precipitated cells, 
and (iii) isolating the vaccine. Particularly preferably, 
the host cells infected with the virus or infectious agent 
are cultured in a suitable medium prior to collecting. 

Preferably, after culturing infected host cells, the 
infected host cells are precipitated by adding a solution 
of a conventional poly (ethylene glycol) (PEG) to the 
culture medium, in an amount sufficient to precipitate the 
infected cells. The precipitated infected cells may be 
further purified by centrif ugation . The precipitated cells 
are then lysed by methods known to those of ordinary skill 
in the art. Preferably, the cells are lysed by repeated 
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freezing and thawing (three cycles of freezing and thawing 
is particularly preferred) . Lysing the precipitated cells 
releases the virus, which may then be collected, preferably 
by centrifugation. The virus may be isolated and purified 
by centrifuging in a CsCl gradient, then recovering the 
appropriate virus-containing band from the CsCl gradient. 

Alternatively, the infected cell culture may be frozen 
and thawed to lyse the cells. The frozen and thawed cell 
culture material may be used directly as a live vaccine. 
Preferably, however, the frozen and thawed cell culture 
material is lyophilized (for storage) , then rehydrated for 
use as a vaccine. 

The culture media may contain buffered saline, 
essential nutrients and suitable sources of carbon and 
nitrogen recognized in the art, in concentrations 
sufficient to permit growth of virus- infected cells. 
Suitable culture media include Dulbecco's minimal essential 
medium (DHEM) , Eagle's minimal essential medium (MEM), 
Ham's medium, medium 199, fetal bovine serum, fetal calf 
serum, and other equivalent media which support the growth 
of virus-infected cells. The culture medium may be 
supplemented with fetal bovine serum (up to 10%) and/or L- 
glutamine (up to 2 mM) , or other appropriate additives, 
such as conventional growth supplements and/ or antibiotics. 
A preferred medium is DMEM. 

Preferably, the present vaccine is prepared from a 
virus or infectious agent cultured in an appropriate cell 
line. The cell line is preferably PSP-36 or an equivalent 
cell line capable of being infected with the virus and 
cultured. An example of a cell line equivalent to PSP-36 
is the cell line PSP-36-SAH, which was deposited under the 
terms of the Budapest Treaty at the American Type Culture 
Collection, 12301 Parklawn Drive, Rockville, Maryland 
20852, U.S.A., on October 28, 1992, under the deposit 
number CRL 11171. Another equivalent cell line is MA-104, 
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available commercially from Whittaker Bioproducts, Inc. 
(Walkersville, Maryland) . Preliminary results indicate 
that the Iowa strain of PRRSV can also be cultured in 
porcine turbinate cells. 

There also appears to be a relationship between the 
severity of histopathology caused by a challenge with a 
standard amount of a particular isolate and the titer to 
which the isolate can be grown in a mammalian host cell 
(e.g., CRL 11171, MA-104 cells [from African green monkey 
kidney], etc.). 

Accordingly, the present invention also concerns a 
method of culturing a PRRS virus, comprising infecting cell 
line PSP-36, CRL 11171 or an equivalent cell line and 
culturing the infected cell line in a suitable medium. An 
■•equivalent cell line" to PSP-36 or CRL 11171 is one which 
is capable of being infected with the virus and cultured, 
thereby producing culturable infected cells. Equivalent 
cell lines include MA-104, PSP-36-SAH and MARC-145 cells 
(available from the National Veterinary Services 
Laboratory, Ames, Iowa) , for example* 

Preferably, the virus cultured is at least one isolate 
of the Iowa strain of PRRSV. Particularly preferably, the 
present vaccine is prepared from such a culture of the Iowa 
strain of PRRSV, cultivated in PSP-36 cells, and plaque- 
purified at least three times. 

The cell line MA-104 is obtained from monkey kidney 
cells, and is epithelial-like. MA-104 cells form a 
confluent monolayer in culture flasks containing Dulbecco's 
minimal essential medium and 10% FBS (fetal bovine serum) . 
When the monolayer is formed, the cells are inoculated with 
a sample of 10% homogenized tissue, taken from an 
appropriate tissue (such as lung and/ or heart) in an 
infected pig. Preferably, appropriate antibiotics are 
present, to permit growth of virus and host cells and to 
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suppress growth and/ or viability of cells other than the 
host cells (e.g., bacteria or yeast). 

Both PSP-36 and MA-104 cells grow some isolates of the 
PRRS virus to high titers (over 10 7 TCID S0 /ml) • PSP-36 and 
MA-104 cells will also grow the infectious agent associated 
with the Iowa strain of PRRSV. MA-104 cells also are able 
to grow rotaviruses, polioviruses, and other viruses. 

CL2621 cells are believed to be of non-porcine origin 
and are epithelial-like, and are proprietary (Boehringer- 
Ingelheim) . By contrast to PSP-3 6 and MA-104, some samples 
of the virus which causes PRRS have been unsuccessfully 
cultured in CL2621 cells ( Bautista et al , American 
Association of Swine Practitioners Newsletter, 4:32, 1992). 

The primary characteristics of CL2621 are that it is 
of non-swine origin, and is epithelial-like, growing in MEM 
medium. However, Benfield et al (J. Vet. Diagn. Invest., 
1992; 4:127-133) have reported that CL2621 cells were used 
to propagate PRRS virus, but MA-104 cells were used to 
control polio virus propagation, thus inferring that CL2621 
is not the same as MA-104, and that the same cell may not 
propagate both viruses. 

The Iowa strain of PRRSV generally cannot grow in cell 
lines other than PSP-36, PSP-36-SAH and MA-104. As 
described above, however, some viruses which cause PRRS 
have been reported to grow in both CL2621 and primary swine 
alveolar macrophages, although some strains of PRRS virus 
do not grow in PSP-36, MA-104 or CL2621 cells. 

The present vaccine, virus isolates, proteins and 
polynucleic acids can be used to prepare antibodies which 
may provide immunological resistance to a patient (in this 
case, a pig) exposed to a virus or infectious agent. 
Antibodies encompassed by the present invention 
immunologically bind either to (l) a vaccine which protects 
a pig against a PRRS virus or (2) to the PRRS virus itself. 
The present antibodies also have the following utilities: 
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(1) as a diagnostic agent for determining whether a pig has 
been exposed to a PRRS virus or infectious agent, and (2) 
in the preparation of the present vaccine. The present 
antibody may be used to prepare an immunoaf f inity column by 
known methods, and the immunoaf f inity column can be used to 
isolate the virus or infectious agent, or a protein 
thereof . 

To raise antibodies to such vaccines or viruses, one 
immunizes an appropriate host animal, such as a mouse, 
rabbit, or other animals used for such inoculation, with 
the protein used to prepare the vaccine. The host animal 
is then immunized (injected) with one of the types of 
vaccines described above, optionally administering an 
immune-enhancing agent (adjuvant) , such as those described 
above. The host animal is preferably subseguently 
immunized from 1 to 5 times at certain intervals of time, 
preferably every 1 to 4 weeks, most preferably every 2 
weeks. The host animals are then sacrificed, and their 
blood is collected. Sera is then separated by known 
techniques from the whole blood collected. The sera 
contains antibodies to the vaccines. Antibodies can also 
be purified by known methods to provide immunoglobulin G 
( IgG ) antibodies • 

The present invention also encompasses monoclonal 
antibodies to the present vaccines and/or viruses. 
Monoclonal antibodies may be produced by the method of 
Kohler et al (Mature, vol. 256 (1975), pages 495-497). 
Basically, the immune cells from a whole cell preparation 
of the spleen of the immunized host animal (described 
above) are fused with myeloma cells by a conventional 
procedure to produce hybridomas. Hybridomas are cultured, 
and the resulting culture fluid is screened against the 
fluid or inoculum carrying the infectious agent (virus or 
vaccine) . Introducing the hybridoma into the peritoneum of 
the host animal produces a peritoneal growth of the 
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hybridoma. Collection of the ascites fluid of the host 
animal provides a sample of the monoclonal antibody to the 
infectious agent produced by the hybridoma. Also, 
supernatant from the hybridoma cell culture can be used as 
a source of the monoclonal antibody, which is isolated by 
methods known to those of ordinary skill in the art. 
Preferably, the present antibody is of the IgG or IgM type 
of immunoglobulin. 

The present invention also concerns a method of 
treating a pig suffering from a reproductive and 
respiratory disease, comprising administering an effective 
amount of an antibody which immunologically binds to a 
virus which causes a porcine reproductive and respiratory 
disease or to a vaccine which protects a pig against 
infection by a porcine reproductive and respiratory virus 
in a physiologically acceptable carrier to a pig in need 
thereof . 

The present method also concerns a method of 
diagnosing infection of a pig by or exposure of a herd to a 
porcine reproductive and respiratory syndrome virus and a 
diagnostic kit for assaying the same, comprising the 
present antibody (preferably a monoclonal antibody) and a 
diagnostic agent which indicates a positive immunological 
reaction with said antibody (preferably comprising 
peroxidase-conjugated streptavidin, a biotinylated antibody 
to a PRRSV protein or antigen and a peroxidase) . The 
present kit may further comprise aqueous hydrogen peroxide, 
a protease which digests the porcine tissue sample, a 
fluorescent dye (e.g., 3,3'-diaminobenzidine 
tetrahydrochloride) , and a tissue stain (e.g., 
hematoxylin) . 

A diagnosis of PRRS relies on compiling information 
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from the clinical history of the herd being diagnosed, from 
serology and pathology of infected pigs, and ultimately, on 
isolation of the PRRS virus (PRRSV) from the infected herd. 
Thus, the present method of detecting PRRSV is useful in 
diagnosing infection by and/or exposure to the virus in a 
herd. 

Clinical signs vary widely between farms, and thus, 
are not the most reliable evidence of a definitive 
diagnosis, except in the case of a severe acute outbreak in 
naive herds which experience abortion storms, increased 
numbers of stillborn pigs, and severe neonatal and nursery 
pig pneumonia. Presently, the most common clinical 
presentation is pneumonia and miscellaneous bacterial 
problems in 3-10 week old pigs. However, many PRRSV- 
positive herds have no apparent reproductive or respiratory 
problems ♦ 

There are some gross lesions that are very suggestive 
of PRRSV infection in growing pigs. The most consistent 
experimentally reproducible gross lesion in 3-10 week-old 
pigs inoculated with several different PRRSV strains is 
lymphadenopathy. In particular, iliac and mediastinal 
lymph nodes are often 3-10 times normal size, tan in color, 
and sometimes cystic. The lymph nodes are not normally 
hyperemic, such as the lesion/conditions seen in bacterial 
septicemia . 

Three histologic lesions are consistent with PRRSV 
infection. Interstitial pneumonia is commonly observed and 
is characterized by septal infiltration with mononuclear 
cells, type 2 pneumocyte proliferation, and the presence of 
necrotic cells in the alveolar spaces. Nonsuppurative 
perivascular myocarditis and hyperplastic lymph nodes are 
commonly observed in the subacute stages of disease. 

The degree of grossly visible pneumonia is strain 
dependent. In general, the lungs fail to collapse and have 
a patchy distribution of 10-80% tan-colored consolidation 
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with irregular borders. Encephalitis is less often 
observed* Lesions in the fetus and placenta are rarely 
observed by light microscopy. 

However, the percentage of consolidation in the lungs 
provides a particularly reliable test for infection by 
PRRSV (i.e., > 10% consolidation at any time from 3 to 10 
days post- infection (DPI) is a positive indication of 
infection) , particularly by a high virulence phenotype (hv) 
virus (> 40% consolidation at any time from 3 to 10 days 
DPI is a positive indication of infection by an hv PRRSV 
isolate) . 

In contrast to histopathology on lung tissue (s), most 
laboratories are routinely using either an indirect- 
fluorescent antibody (IFA) test or immunoperoxidase 
monolayer assay (IPMA) for serum antibody detection. With 
both the IFA and IPMA, one must subjectively determine 
endpoints and thus the tests are not automatable. Serum 
virus (SVN) neutralization tests have also been developed, 
and ELISA tests are currently used in some research 
laboratories. Antibodies detected by the IFA test usually 
appear with 10 days of exposure but may be relatively 
short-lived, sometimes disappearing within 3 months. 

Antibodies detected by ELISA usually appear within 3 
weeks, but their duration is unknown. SVN antibodies 
usually are not detected until 4-5 weeks post exposure. 
The SVN test is considered less sensitive in acute disease, 
but improvements have been made in the SVN test using 
seronegative porcine serum supplementation. SVN titers 
reportedly are measurable longer than titers in IFA and 
IPMA, and thus, may be better suited for detection of 
positive animals in chronically infected herds. 

In IFA, infected cells are fixed with acetone and 
methanol solutions, and antibodies for the convalescent 
sera of infected pigs are incubated with the infected 
cells, preferably for about 30 min. at 37 °C. A positive 
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immunological reaction is one in which the antibody binds 
to the virus-infected cells, but is not washed out by 
subsequent washing steps (usually 3 X with PBS buffer) • A 
second antibody (an ant i- antibody) labeled with a 
fluorescent reagent (FITC) is then added and incubated, 
preferably for anther 30 min. A positive immunological 
reaction results in the second antibody binding to the 
first, being retained after washing, and resulting in a 
fluorescent signal, which can be detected and semi- 
quantified. A negative immunological reaction results in 
little or no binding of the antibody to the infected cell. 
Therefore, the second, f luorescently-labeled antibody fails 
to bind, the fluorescent label is washed out, and little or 
no fluorescence is detected, compared to an appropriate 
positive control. 

IPA and ELISA kits are similar to the IFA kit, except 
that the second antibody is labeled with a specific enzyme, 
instead of a fluorescent reagent. Thus, one adds an 
appropriate substrate for the enzyme bound to the second 
antibody which results in the production of a colored 
product, which is then detected and quantified by 
color imetry, for example. 

Clinicians use antibody titers to determine the 
appropriate time for vaccination and/ or implementation of 
management or control strategies. Prior to the present 
invention, serology tests did not provide antibody titer 
levels adequate or reliable enough to make animal health 
care decisions. It may have been appropriate to look for a 
change from seronegative to seropositive status, or for at 
least a 4 -fold increase in titer, as a positive indication 
of PRRSV infect ion/ exposure. Looking for an increasing 
percentage of seropositive pigs in a particular age group 
over time in a herd can be useful to determine where the 
virus is maintained and actively spreading. Sows infected 
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in the early 3rd trimester and aborting near term will 
likely not show increasing titers, however. 

Virus isolation (VI) provides a definitive diagnosis, 
but has some limitations. Virus is rarely isolated from 
stillborn or autolyzed aborted fetuses. Sows infected 
early in the last trimester may have transient viremia and 
not abort until late term. Dead pigs of any age are not 
the best samples for VI, because the virus does not survive 
well at room temperature. Tissues should be removed from 
the carcass, packaged separately, and refrigerated as soon 
as possible to obtain a viable virus sample. 

The best tissues for virus isolation are tonsil, lung, 
lymph nodes, and spleen. Serum is also an excellent sample 
for virus isolation, since (a) viremia is often prolonged 
in growing pigs, (b) the sample is easy to handle, and (c) 
the sample can be quickly chilled and processed. 

Variation between laboratories in the ability to 
isolate PRRSV is high because the tests, reagents, cell 
lines, and media used to detect/ screen for PRRSV have not 
been standardized. The efficacy of isolation varies 
because not all North American strains will grow on each 
cell line. Frozen tissue-section IFA tests have been used 
with limited success. 

Serum virus neutralization (SVN) tests have also been 
developed, and ELISA tests are currently used in some 
research laboratories. Antibodies detected by ELISA 
usually appear within 3 weeks, but their duration is 
unknown. SVN antibodies usually are not detected until 4-5 
weeks post-exposure. The SVN test is considered less 
sensitive in acute disease, but improvements have been made 
in the SVN test using seronegative porcine serum 
supplementation. SVN titers reportedly are measurable for 
a longer period of time than titers in IFA and IPMA. Thus, 
SVN titers may be better suited for detection of positive 
animals in chronically infected herds. 
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Prior to the present invention, however, serology 
tests did not provide antibody titer levels adequate or 
reliable enough to make animal health care decisions. 
Looking for an increasing percentage of seropositive pigs 
in a particular age group over time in a herd can also be 
useful to determine where the virus is maintained and 
actively spreading. Sows infected in the early third 
trimester and aborting near term will likely not show 
increasing titers, however. Thus, although it may have 
been appropriate to look for a change from seronegative to 
seropositive status or for at least a 4 -fold increase in 
titer as a positive indication of PRRSV infection and/ or 
exposure, a need for a more reliable titer-based assay is 
felt. 

Thus, the present invention also concerns a method for 
detecting PRRSV antigen in tissues. The present diagnostic 
method, employing an immunoperoxidase test (IPT) preferably 
on formalin-fixed tissue, appears to be quite useful to 
confirm the presence of active infection , and may provide a 
significant and meaningful increase in the reliability of 
titer-based assays. A section of lungs, tonsils, 
mediastinal lymph nodes, and tracheobronchial lymph nodes 
from 26 pigs experimentally inoculated with ATCC VR 2385 
PRRSV was examined (see Experiment V below) . The virus was 
detected in 18/26 lungs, 26/26 tonsils, 15/26 mediastinal 
lymph nodes, and 14/26 tracheobronchial lymph nodes. The 
pigs in this study were killed over a 28 day period (post- 
inoculation) . The virus was detected in at least one 
tissue in every pig necropsied up to 10 days post 
inoculation. 

A complete technique for the present immunoperoxidase 
technique for PRRSV antigen detection in porcine tissues, 
based on a streptavidin-biotin assay, is described in 
Example V hereinunder. Briefly, the present method for 
detecting PRRSV comprises removing endogenous peroxidase 
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from an isolated porcine tissue sample with aqueous 
hydrogen peroxide (preferably, a 0.1-5%, and more 
preferably, 0.1-1.0% solution) , then digesting the tissue 
with sufficient amount of an appropriate protease to expose 
viral antigens (for example, Protease XIV, Sigma Chemical 
Company, St. Louis, MO, and more preferably, a 0.001-0.25% 
aqueous solution thereof) . Thereafter, the method further 
comprises incubating primary monoclonal antibody ascites 
fluid (preferably diluted in TRIS/PBS by an amount of from 
1:10 to 1:100,000, and more preferably, from 1:100 to 
1:10,000) with the protease-treated tissue sections in a 
humidified chamber for a sufficient length of time and at 
an appropriate temperature to provide essentially complete 
immunological binding to occur, if it can in fact occur 
(e.g., 16 hours at 4°C). 

One suitable monoclonal antibody for use in the 
present diagnostic assay is SDOW-17 (available from Dr. 
David Benfield, South Dakota State Univ.), which recognizes 
a conserved epitope of the PRRSV nucleocapsid protein 
( Nelson et al . "Differentiation of U.S. and European 
isolates of porcine reproductive and respiratory syndrome 
virus by monoclonal antibodies," J. Clin. Micro., 31:3184- 
3189 (1993)). 

The present method for detecting PRRSV then further 
comprises incubating biotinylated goat anti-mouse linking 
antibody (available from Dako Corporation, Carpintera, CA) 
with the tissue, followed by incubating peroxidase- 
conjugated streptavidin with the biotinylated antibody- 
treated tissue (Zymed Laboratories, South San Francisco, 
CA) . The method then further comprises incubating the 
peroxidase-conjugated streptavidin-treated tissue with a 
chromagen, such as 3,3'-diaminobenzidine tetrahydrochloride 
(available from Vector Laboratories Inc., Burlingame, CA) , 
and finally, staining the treated tissue with hematoxylin. 
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Particularly when combined with the further diagnostic 
techniques of histopathology, virus isolation procedures 
and serology, the present tissue immunoperoxidase antigen 
detection technique offers a rapid and reliable diagnosis 
of PRRSV infection* 

Other features of the invention will become apparent 
in the course of the following descriptions of exemplary 
embodiments, which are given for illustration of the 
invention, and are not intended to be limiting thereof. 

EXPERIMENT I 

MOLECULAR CLONING AND NUCLEOTIDE SEQUENCING OF 

THE 3 '-TERMINAL REGION OF VR 2385 (PLAQUE-PURIFIED ISU-12) 

(I) Materials and Methods 

(A) Virus Propagation and Purification 
A continuous cell line, PSP-36, was used to isolate and 
propagate ISU-12. The ISU-12 virus was plaque-purified 3 
times on PSP-36 cells (plaque-purified ISU-12 virus was 
deposited under the terms and conditions of the Budapest 
Treaty at the American Type Culture Collection, 12301 
Parklawn Drive, Rockville, Maryland 20852, U.S.A., under 
Accession No. VR 2385). The PSP-36 cells were then 
infected with the plaque-pur if ied virus. When more than 
70% of the infected cells showed cytopathic changes, the 
culture was frozen and thawed three times. The culture 
medium was then clarified by low-speed centrifugation at 
5,000 X g for 15 min. at 4°C. The virus was then 
precipitated with 7% PEG-8000 and 2.3% NaCl at 4°C 
overnight with stirring, and the precipitate was pelleted 
by centrifugation. The virus pellets were then resuspended 
in 2 ml of tris-EDTA buffer, and layered on top of a CsCl 
gradient (1.1245-1.2858 g/ml). After ultracentrifugation 
at 28,000 rpm for about 8 hours at 20°C, a clear band with 
a density of 1.15-1.18 g/ml was observed and harvested. 
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transfection, and the lambda library was then amplified and 
titrated in the XL-1 blue cell strain. 

(D) Screening the X Library by Differential 
Hybridization 

A general schematic procedure for identifying authentic 
clones of the PRRS virus VR 2385 strain by differential 
hybridization is shown in Figure 4, and is described 
hereunder* The X library was plated on XL-1 blue cells, 
plagues were lifted onto nylon membranes in duplicates, and 
denatured with 0.5 N NaOH by conventional methodology. 
Messenger RNA's from both virus- infected PSP-36 cells and 
non-infected PSP-36 cells were isolated by oligo (dT)- 
cellulose column chromatography as described by the 
manufacturer of the column (Invitrogen) . 

Complementary DNA probes were synthesized from mRNA's 
isolated from virus- infected PSP-36 cells and normal PSP-36 
cells using random primers in the presence of 32 P-dCTP 
according to the procedure described by the manufacturer 
(Amersham) . Two probes (the first synthesized from virus- 
infected PSP-36 cells, the other from normal, uninfected 
PSP-36 cells) were then purified individually by Sephadex 
G-50 column chromatography* The probes were hybridized 
with the duplicated nylon membranes, respectively, at 42 °C 
in 50% formamide. Plaques which hybridized with the probe 
prepared from virus infected cells, but not with the probe 
prepared from normal cells, were isolated. The phagemids 
containing viral cDNA inserts were rescued by in vitro 
excision with the help of G408 helper phage. The rescued 
phagemids were then amplified on XL-1 blue cells. The 
plasmids containing viral cDNA inserts were isolated by 
Qiagen column chromatography, and were subsequently 
sequenced. 

(E) Nucleotide Sequencing and Sequence Analysis 
Plasmids containing viral cDNA inserts were purified by 
Qiagen column chromatography, and sequenced by Sanger's 
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dideoxy method with universal and reverse primers, as well 
as a variety of internal oligonucleotide primers. 
Sequences were obtained from at least three separate 
clones. Additional clones or regions were sequenced when 
ambiguous sequence data were obtained. The nucleotide 
sequence data were assembled and analyzed independently 
using two computer software programs, GENEWORKS 
(InteliiGenetics, Inc., Mountain View, California) and 
MACVECTOR (International Biotechnologies, Inc., New Haven, 
Connecticut) . 

(F) Oligonucleotide Primers 
Oligonucleotides were synthesized as single-stranded DNA 
using an automated DNA synthesizer (Applied Biosystems) and 
purified by HPLC. Oligonucleotides PP284 ( 5 ' -CGGCCGTGTG 
GTTCTCGCCA AT-3 ' ; SEQ ID NO:l) and PP285 ( 5 ' -CCCCATTTCC 
CTCTAGCGAC TG-3'; SEQ ID NO: 2) were synthesized for PCR 
amplification. A DNA probe was generated with these two 
primers from the extreme 3 ' end of the viral genome for 
Northern blot analysis (see discussion below) . 
Oligonucleotides PP286 ( 5 ' -GCCGCGGAAC CATCAAGCAC-3 ' ; SEQ ID 
NO: 3) and PP287 ( 5 ' -CAACTTGACG CTATGTGAGC-3 ' ; SEQ ID NO; 4) 
were synthesized for PCR amplification. A DNA probe 
generated by these two primers was used to further screen 
the A library. Oligonucleotides PP288 ( 5 ' -GCGGTCTGGA 
TTGACGACAG-3 ' ; SEQ ID NO: 5) , PP289 ( 5 ' -GACTGCTAGG 
GCTTCTGCAC-3 ' ; SEQ ID NO:6), PP386 ( 5 ' -GCCATTCAGC 
TCACATAGCG-3 ' ; SEQ ID NO: 7), PP286 and PP287 were used as 
sequencing primers to obtain internal sequences. 

(G) Northern Blot Analysis 

A specific DNA fragment from the extreme 3' end of the VR 
2385 cDNA clone was amplified by PCR with primers PP284 and 
PP285. The DNA fragment was excised from an agarose gel 
with a commercially available DNA purification kit 
(GENECLEAN, obtained from Bio 101) , and labeled with 
32 P-dCTP by random primer extension (using a kit available 
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from Amersham) * Total RNA was isolated from VR 2385- 
infected PSP-36 cells at 36 hours post-infection, using a 
commercially available kit for isolation of total RNA 
according to the procedure described by the manufacturer 
(Stratagene) . VR 2385 subgenomic mRNA species were 
denatured with 6 M glyoxal and DMSO, and separated on a 1% 
agarose gel. (Results from a similar procedure 
substituting a 1.5% agarose gel are described in Experiment 
II below and are shown in Figure 5.) The separated 
subgenomic mRNA's were then transferred onto nylon 
membranes using a POSIBLOT" pressure blotter (Stratagene) . 
Hybridization was carried out in a hybridization oven with 
roller bottles at 42 °C and 50% formamide. 
RESULTS 

(A) Cloning, Identification and Sequencing of VR 2385 
3' Terminal Genome 

An oligo (dT) -primed cDNA X library was constructed from a 
partially purified virus, obtained from VR 2385-infected 
PSP-36 cells. Problems were encountered in screening the 
cDNA X library with probes based on the Lelystad virus 
sequence. Three sets of primers were prepared* The first 
set (PP105 and PP106; SEQ ID NOS:8-9) correspond to 
positions 14577 to 14596 and 14977 to 14995 of the Lelystad 
genomic sequence, located in the nucleocapsid gene region. 
The second set (PP106 and PP107, SEQ ID NOS:9-10) 
correspond to positions 14977 to 14995 and 14054 to 14072 
of the Lelystad genomic sequence, flanking ORF's 6 and 7. 
The third set (PM541 and PM542; SEQ ID NOS: 11-12) 
correspond to positions 11718 to 11737 and 11394 to 11413 
of the Lelystad genomic sequence, located in the ORF-lb 
region. 

PP105: 5 ' -CTCGTCAAGT ATGGCCGGT-3 ' (SEQ ID NO: 8) 
PP106: 5'-GCCATTCGCC TGACTGTCA-3 ' (SEQ ID MO: 9) 
PP107: 5 / -TTGACGAGGA CTTCGGCTG-3 9 (SEQ ID N0:10) 
PM541: 5'-GCTCTACCTG CAATTCTGTG-3 ' (SEQ ID N0:11) 
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PM542: 5 ' -GTGTATAGGA CCGGCAACCG-3 ' (SEQ ID NO: 12) 
All attempts to generate probes by PGR from the VR 2385 
infectious agent using these three sets of primers were 
unsuccessful. After several attempts using the 
differential hybridization technique, however, the 
authentic plagues representing VR 2385-specif ic cDNA were 
isolated using probes prepared from VR 2385-infected PSP-36 
cells and normal PSP-36 cells. The procedures involved in 
differential hybridization are described and set forth in 
Figure 4. 

Three positive plaques (X-4, X-75 and X-91) were 
initially identified. Phagemids containing viral cDNA 
inserts within the X phage were rescued by in vitro 
excision with the help of G408 helper phages* The inserts 
of the positive clones were analyzed by restriction enzyme 
digestion and terminal sequencing* The specificity of the 
cDNA clones was further confirmed by hybridization with RNA 
from PSP-36 cells infected with the Iowa strain of PRRSV, 
but not with RNA from normal PSP-36 cells. A DNA probe was 
then generated from the 5 '-end of clone X-75 by PCR with 
primers PP286 and PP287. Further positive plagues (X-229, 
X-268, X-275, X-281, X-323 and X-345) were identified using 
this probe. All X cDNA clones used to obtain the 3'- 
terminal nucleotide sequences are presented in Fig. 6. At 
least three separate clones were sequenced to eliminate any 
mistakes. In the case of any ambiguous sequence data, 
additional clones and internal primers (PP288, PP289, 
PP286, PP287 and PP386) were used to determine the 
sequence. The 2062-bp 3 '-terminal sequence (SEQ ID NO: 13) 
and the amino acid sequences encoded by ORF's 5, 6 and 7 
(SEQ ID NOS:15, 17 and 19, respectively) are presented in 
Figure 7. 
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each other by 8 bp. Two smaller ORF's located entirely 
within ORF 7 have also been found, coding for only 37 aa 
and 43 aa, respectively. Another two short ORF's overlap 
fully with ORF 5* The coding capacity of these two ORF's 
is only 29 aa and 44 aa, respectively. No specific 
subgenomic mRNA's were correlated to these smaller ORF's by 
Northern blot analysis. ORF 6 and ORF 7 are believed to 
encode the viral membrane protein and capsid protein, 
respectively. 

(D) Consensus Sequence for Leader Junction 
Sequence analysis shows that a short sequence motif, AACC, 
may serve as the site in the subgenomic mRNA's where the 
leader is added during transcription (the junction site) . 
The junction site of ORF 6 is found 21 bp upstream from the 
ATG start codon, and the junction site of ORF 7 is found 13 
bp upstream from the ATG start codon, respectively. No 
AACC consensus sequence has been identified in ORF 5, 
although it has been found in ORF 5 of LV. Similar 
junction sequences have been found in LDV and EAV. 

(E) 3 '-Nontranslational Sequence and Poly (A) Tail 
A 151 nucleotide-long (151 nt) nontranslational sequence 
following the stop codon of ORF 7 has been identified in 
the genome of VR 2385, compared to 114 nt in LV, 80 nt in 
LDV and 59 nt in EAV. The length of the poly (A) tail is 
at least 13 nucleotides. There is a consensus sequence, 
CCGG/AAATT-poly (A) among PRRS virus VR 2385, LV and LDV in 
the region adjacent to the poly (A) tail. 

(F) Sequence Comparison of VR 2385 and LV Genomes 
Among ORF's 5, 6 and 7, and Among the Nontranslational 
Sequences 

A comparison of the ORF-5 regions of the genomes of VR 
2385 and of the Lelystad virus (SEQ ID NO: 20) is shown in 
Figure 8. The corresponding comparisons of the ORF-6 
region, the ORF-7 region, and the nontranslational 
sequences of VR 2385 (SEQ ID NOS:16, 18 and 22, 
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respectively) with the corresponding regions of LV (SEQ ID 

NOS:23, 25 and 27, respectively) are shown in Figures 9, lo 

and 11, respectively. 

The results of the comparisons are presented in Table 

1 below. The nucleotide sequence homologies between LV and 
VR 2385 of the ORF 5, ORF 6, ORF 7 and the nontranslational 

sequences are 53%, 78%, 58% and 58%, respectively. 

The size of ORF 7 in LV is 15 nt larger than that in 
VR 2385. Also, the 3 '-terminal nontranslational sequence 
is different in length (150 nt in VR 2385, but only 114 nt 
in LV) . Like LV, the junction sequence, AACC, has also 
been identified in the genome of the Iowa strain of prrs 
virus isolate VR 2385, except for ORF 5. The junction 
sequence of ORF 6 in VR 2385 is 21 nt upstream from the ATG 
start codon, whereas the junction sequence of ORF 6 is 28 
nt upstream from ATG in LV. 
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Table 1: Comparison of genes of U.S. PRRSV isolate ATCC VR 2385 
with those of European isolate Lelystad virus* 



Gene 


RNA 


Estimated 
RNA sire 
(in Kb) 


ORFs 


VR 2385 


Lelystad 


Homology 
between 
VR 2385 

& Lelystad 


Size 
amino 
acids 


N-glyco- 
sylarion 
sites 


Pred. 
protein 
size 
(kd) 


Size 
amino 
acids 


N-glyco- 
sylation 
sites 


Pred 
protein 
size 
(led) 


5 


5 


1.9 


5 


200 


2 


22.2 


201 


2 


22.4 


53 


6 


6 


1.4 


6 


174 


1 


19.1 


173 


2 


18.9 


78 


7 


7 


0.9 


7 


123 


2 


13.6 


128 


1 


13.8 


58 


NTR 








151 
(«) 




NA 


114 
(nt) 


0 


NA 


58 (nt) 



Based on data presented by Conzelmann et al . Virology, 
193, 329-339 (1993), Meulenbero et al . Virology, 192, 
62-72 (1993), and the results presented herein. 



EXPERIMENT II 
THE EXPRESSION OF VR 2385 GENES IN INSECT CELLS 

(A) Production of Recombinant Baculovirus 
The ORF-5, ORF-6 and ORF-7 sequences were individually 
amplified by PCR using primers based on the VR 2385 
(ISU-12) genomic nucleotide sequence. ORF-5 was amplified 
using the following primers: 

5 ' -GGGGATCCGG TATTTGGCAA TGTGTC-3 ' (SEQ ID NO: 28) 
3 ' -GGGAATTCGC CAAGAGCACC TTTTGTGG-5' (SEQ ID NO: 29) 

ORF-6 was amplified using the following primers: 



5 ' -GGGGATCCAG AGTTTCAGCG G-3 ' (SEQ ID NO: 30) 
3 ' -GGGAATTCTG GCACAGCTGA TTGAC-5' (SEQ ID NO: 31) 
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ORF-7 was amplified using the following primers: 

5 ' -GGGGATCCTT GTTAAATATG CC-3' (SEQ ID NO: 32) 
3 ' -GGGAATTCAC CACGCATTC-5' (SEQ ID NO: 33) 

The amplified DNA fragments were cloned into 
baculovirus transfer vector pVL1393 (available from 
Invitrogen) . One ^g of linearized baculovirus AcMNPV DNA 
(commercially available from Pharmingen, San Diego , 
California) and 2 fig of PCR-amplif ied cloned cDNA- 
containing vector constructs were mixed with 50 Ml of 
lipofectin (Gibco) , and incubated at 22 °C for 15 min. to 
prepare a transfection mixture. 

One hour after seeding HI-FIVE cells, the medium was 
replaced with fresh Excell 400 insect cell culture medium 
(available from JR Scientific Co.), and the transfection 
mixture was added drop by drop. The resulting mixture was 
incubated at 28 °C for six hours ♦ Afterwards, the 
transfection medium was removed, and fresh Excell 400 
insect cell culture medium was added* The resulting 
mixture was then incubated at 28 °C 

Five days after transfection, the culture medium was 
collected and clarified. Ten-fold dilutions of 
supernatants were inoculated onto HI -FIVE cells, and 
incubated for 60 min. at room temper attire . After the 
inoculum was discarded, an overlay of 1.25% of agarose was 
applied onto the cells. Incubation at 28 °C was conducted 
for four days. Thereafter, clear plagues were selected and 
picked using a sterile Pasteur pipette. Each plague was 
mixed with 1 ml of Grace's insect medium into a 5 ml snap 
cap tube, and placed in a refrigerator overnight to release 
the virus from the agarose. Tubes were centrifuged for 30 
minutes at 2000 x g to remove agarose, and the supernatants 
were transferred into new sterile tubes. Plague 
purification steps were repeated three times to avoid 
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possible wild-type virus contamination. Pure recombinant 
clones were stored at -80 °C for further investigation. 

(B) Expression of Recombinant Iowa Strain Infectious 
Agent Proteins 

Indirect immunofluorescence assay and 
radioimmunoprecipitation tests were used to evaluate 
expression. 

Indirect immunofluorescence assay: Hi-five insect 
cells in a 24-well cell culture cluster plate were infected 
with wild-type baculovirus or recombinant baculovirus, or 
were mock- infected. After 72 hours, cells were fixed and 
stained with appropriate dilutions of swine anti-VR 2 385 
polyclonal antibodies, followed by fluorescein 
isothiocyanate-labelled (FITC-labelled) anti-swine IgG. 
Immunofluorescence was detected in cells infected with the 
recombinant viruses, but not in mock- infected cells or 
cells inoculated with wild-type baculovirus. For example, 
Figure 12 shows HI-FIVE cells infected with the recombinant 
baculovirus containing the VR 2385 ORF-7 gene 
(Baculo.PRRSV.7) , which exhibit a cytopathic effect. 
Similar results were obtained with recombinant baculovirus 
containing ORF-5 (Baculo.PRRSV.5) and ORF-6 
(Baculo.PRRSV.6; data not shown) . Figures 13 and 14 show 
HI-FIVE cells infected with a recombinant baculovirus 
containing the VR 2385 ORF-6 gene and VR 2385 ORF-7 gene, 
respectively, stained with swine antisera to VR 2385, 
followed by f luorescein-conjugated anti-swine IgG, in which 
the insect cells are producing recombinant Iowa strain 
viral protein. Similar results were obtained with 
recombinant baculovirus containing ORF-5. 

Radioimmunoprecipitation : Radioimmunoprecipitation 
was carried out with each recombinant virus 
(Baculo.PRRSV.5, Baculo.PRRSV.6 and Baculo.PRRSV.7) to 
further determine the antigenicity and authenticity of the 
recombinant proteins. HI-FIVE insect cells were mock- 
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infected, or alternatively , infected with each of the 
recombinant baculoviruses . Two days after infection, 
methionine-free medium was added. Each mixture was 
incubated for two hours, and then proteins labeled with 
3S S-methionine (Amersham) were added, and the mixture was 
incubated for four additional hours at 28 °C. Radiolabeled 
cell lysates were prepared by three cycles of freezing and 
thawing, and the cell lysates were incubated with pre immune 
or immune anti-VR 2385 antisera. The immune complexes were 
precipitated with Protein A agarose and analyzed on 
SDS-PAGE after boiling. X-ray film was exposed to the gels 
at -80°C, and developed. Bands of expected size were 
detected with ORF-6 (Figure 15) and ORF-7 (Figure 16) 
products . 

EXPERIMENT III 

Summary: 

The genetic variation and possible evolution of 
porcine reproductive and respiratory syndrome virus (PRRSV) 
was determined by cloning and sequencing the putative 
membrane protein (M, ORF 6) and nucleocapsid (N, ORF 7) 
genes of six U.S. PRRSV isolates with differing virulence. 
The deduced amino acid sequences of the putative H and N 
proteins from each of these isolates were aligned with the 
corresponding sequences (to the extent known) of one other 
U.S. isolate, two European isolates, and other members of 
the proposed arterivirus group, including lactate 
dehydrogenase-elevating virus (LDV) and equine arteritis 
virus (EAV) . 

The putative M and N genes displayed 96-100% amino 
acid sequence identity among U.S. PRRSV isolates with 
differing virulence. However, their amino acid sequences 
varied extensively from those of European PRRSV isolates, 
and displayed only 57-59% and 78-81% identity, 
respectively. The U.S. PRRSV isolates were more closely 
related to LDV than were the European PRRSV isolates. The 
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N protein of the U.S. isolates and European isolates shared 
about 50% and 40% amino acid sequence identity with that of 
LDV, respectively. 

The phylogenetic dendrograms constructed on the basis 
of the putative M and N genes of the proposed arterivirus 
group were similar and indicated that both U.S. and 
European PRRSV isolates were related to LDV and were 
distantly related to EAV. The U.S. and European PRRSV 
isolates fell into two distinct groups with slightly 
different genetic distance relative to LDV. The results 
suggest that U.S. and European PRRSV isolates represent two 
different genotypes , and that they may have evolved from 
LDV at different time periods and have existed separately 
in U.S. and Europe before their association with PRRS was 
recognized in swine. 

ORF 6 encodes the membrane protein (M) of PRRSV, based 
on the similar characteristics of the ORF 6 of EAV, ORF 2 
of LDV, and the M protein of mouse hepatitis virus and 
infectious bronchitis virus ( Meulenbercr et ah Virology, 
192, 62-72 (1993); Conzelmann et al . Virology, 193, 329-339 
(1993); Mardassi et al . Abstr. Conf. Res. Workers in Animal 
Diseases, Chicago, IL, p. 43 (1993)). The product of ORF 
7, the viral nucleocapsid protein (N) , is extremely basic 
and hydrophilic ( Meulenbercr et al . Virology, 192, 62-72 
(1993); Conzelmann et al . Virology, 193, 329-339 (1993); 
Murtauah et al. Proc. Allen D. Leman Swine Conference, 
Minneapolis, MN, pp. 43-45 (1993); Mardassi et al , Abstr. 
Conf. Res. Workers in Animal Diseases, Chicago, IL, p. 43 
(1993)). 

The amino acid sequences encoded by ORF's 5, 6 and 7 
of U.S. isolate VR 2385 and of the European isolate 
Lelystad virus (LV) have been compared, and the identity 
(i.e., the percentage of amino acids in sequence which are 
the same) between the two viruses is only 54%, 78% and 58%, 
respectively. Thus, striking genetic differences exist 
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between the U.S. isolate VR 2385 and the European isolate 
LV (see U.S. application Serial No. 08/131,625, filed 
October 5, 1993) . 

However, the U.S. isolate VR 2385 is highly pathogenic 
compared to European LV, Thus, PRRSV isolates in North 
America and in Europe appear to be antigenically and 
genetically heterogeneous, and different genotypes or 
serotypes of PRRSV may exist. 

To further determine the genetic variation among the 
PRRSV isolates, the putative M and N genes of five 
additional U.S. PRRSV isolates with differing virulence 
were cloned and sequenced. Phylogenetic trees based on the 
putative M and N genes of seven U.S. PRRSV isolates, two 
European PRRSV isolates and other members of the proposed 
arteri virus group, including LDV and EAV, have been 
constructed. 

PRRSV isolates (ISU-12 (VR 2385/VR 2386) , ISU-22 (VR 
2429), ISU-55 (VR 2430), ISU-79, ISU-1894 and ISU-3927 (VR 
2431), each of which is disclosed and described in U.S. 
application Serial No. 08/131,625, filed October 5, 1993) 
were isolated from pig lungs obtained from different farms 
in Iowa during PRRS outbreaks, according to the procedure 
described in U.S. application Serial No. 08/131,625. A 
continuous cell line, ATCC CRL 11171, was used to isolate 
and propagate these viruses. All viruses were biologically 
cloned by three cycles of plaque purification prior to 
polynucleic acid sequencing. 

Pathogenicity studies in caesarean-derived colostrum- 
deprived (CDCD) pigs, described in U.S. application Serial 
No. 08/131,625, showed that VR 2385, VR 2429 and ISU-79 
were highly pathogenic, whereas VR 2430, ISU-1894 and VR 
2431 were not as pathogenic. For example, VR 2385, VR 2429 
and ISU-79 produced from 50 to 80% consolidation of the 
lung tissues in experimentally- infected five-week-old CDCD 
pigs necropsied at 10 days post inoculation, whereas VR 
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2430, ISU-1894 and VR 2431 produced only 10 to 25% 
consolidation of lung tissues in the same experiment. 

Experimental Section : 

Monolayers of ATCC CRL 11171 cells were infected with 
each of the PRRSV isolates at the seventh passage at an 
m.o.i. of 0.1. Total cellular RNA was isolated from 
infected cells by the guanidine isothiocyanate method 
( Sambrook et al , "Molecular Cloning: A Laboratory Manual , " 
2nd ed. , Cold Spring Harbor Laboratory, Cold Spring Harbor, 
New York (1989)). The guality of RNA from each isolate was 
determined by Northern blot hybridization (data not shown) 
with a cDNA probe generated from the extreme 3 '-end of the 
VR 2385 genome by the polymerase chain reaction (PGR) with 
primers PP284 and PP285 (SEQ ID NOS: 1 AND 2) , as described 
in U.S. Application Serial No. 08/131,625. cDNA was 
synthesized from total cellular RNA with random primers 
using reverse transcriptase. The synthesized cDNA was 
amplified by polymerase chain reaction (PCR) as described 
previously f Meng et al , J. Vet. Diagn. Invest., 5, 254-258 
(1993)). Primers for RT-PCR were designed on the basis of 
a sequence in the genome of VR 2385 which resulted in 
amplification of the entire protein coding regions of the 
putative M and N genes (5' primer: 5'- 

GGGGATCCAGAGTTTCAGCGG— 3 9 (SEQ ID NO: 30); 3' primer: 5'- 
GGGAATTCACCACGCATTC-3 ' (SEQ ID NO:33)). Unique restriction 
sites (EcoR I and BamH I) at the termini of the PCR 
products were introduced by conventional methods. A PCR 
product with the expected size of about 900 bp was obtained 
from each of the virus isolates. Southern blot 
hybridization was then used to confirm the specificity of 
the amplified products. 

The 32 P-labelled cDNA probe from VR 2385 hybridized 
with the RT-PCR products from each of the above virus 
isolates. The PCR products of the putative M and N genes 
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from each of the PRRSV isolates were purified and cloned 
into vector pSK+ ( Mena et al , J. Vet. Diagn. Invest. 5, 
254-258 (1993)). Plasmids containing the full length 
putative M and N genes were sequenced with an automated ONA 
Sequencer (obtained from Applied Biosy stems, Inc., Foster 
City California) . Three to four cDNA clones from each 
virus isolate were sequenced with universal and reverse 
primers, as well as other virus specific sequencing primers 
(PP288: 5 ' -GCGGTCTGGATTGACGAC-3 ' (SEQ ID NO:5) and PP289: 
5 ' -GACTGCTAGGGCTTCTGC-3 ' (SEQ ID NO: 6), each of which is 
described in application Serial No. 08/131,625, and DP966: 
5 ' -AATGGGGCTTCTCCGG-3 7 (SEQ ID NO:34)). The sequences were 
combined and analyzed by the MACVECTOR (International 
Biotechnologies, Inc.) and GENEWORKS ( Intel liGenetics, 
Inc.) computer programs. 

Analysis of the nucleotide sequences encoding the 
putative M and N proteins of the five U.S. PRRSV isolates 
indicated that, like LV ( Meulenbera et al , Virology, 192, 
62-72 (1993)) and VR 2385, the putative M and N genes of 
each of the five additional U.S. isolates overlapped by 8 
base pairs (bp). Figure 17 shows the nucleotide sequence 
of ORF's 6 and 7 of six U.S. PRRSV isolates and of LV, in 
which the ISU-12 (VR 2385 and VR 2386) nucleotide sequence 
(SEQ ID NO: 35) is shown first, and in subsequent sequences 
(SEQ ID NOS: 36-41), only those nucleotides which are 
different are indicated. Start codons are underlined and 
indicated by (+1>) , stop codons are indicated by asterisks 
(*), are indicated by (-) , and the two larger deletions in 
the putative N gene are further indicated by ( A ) . 

Figures 18 (A) -(B) show the alignment of amino acid 
sequences of the putative M (Fig. 18(A)) and N (Fig. 18(B)) 
genes of the proposed arterivirus group, performed with a 
GENEWORKS program (IntelliGenetics, Inc.), using the 
following parameters (default values) : cost to open a gap 
is 5, cost to lengthen a gap is 25, minimum diagonal length 
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is 4, and maximum diagonal offset is 10. The EAV M gene 
sequence was omitted because the relatively low sequence 
identity with PRRSV and LDV requires gaps in the 
alignments. The VR 2385/ VR 2386 sequences (SEQ ID NOS:17 
and 19) are shown first, and in subsequent sequences (SEQ 
ID NOS:43, 45, 47 f 49, 51, 24, 53, 55, 57, 59, 61 and 26, 
respectively) , only the differences are indicated. 
Deletions are indicated by (-) , and the two larger 
deletions in the putative N gene are further indicated by 

r>. 

Numerous substitutions in the nucleotide sequence were 
distributed randomly throughout the M and N genes in each 
of the five isolates, as compared to VR 2385. Most of the 
substitutions are third base silent mutations when 
converted to amino acid sequences (see Fig. 18) . 
Insertions and deletions are found in the nucleotide 
sequences of the putative M and M genes when comparing the 
U.S. isolates to LV, but not found among the U.S. isolates 
(Fig. 17). For example, there are two larger deletions, 15 
and 10 nucleotides each, in the putative N gene of the U.S. 
isolates as compared to the LV N genome (Fig. 17). 

The deduced amino acid sequences of the putative M and 
N genes from the six Iowa strain PRRSV isolates are aligned 
with the corresponding N sequence of another U.S. isolate, 

2332 (Murtaucrh et al r Proc. Allen D. Leman Swine 
Conference, Minneapolis, MN, pp. 43-45 (1993)); two 
European PRRSV isolates, LV ( Meulenberg et al . Virology 
192, 62-72 (1993)) and PRRSV isolate 10 (PRRSV-10) 
(Conzelmann et al, Virology, 193, 329-339 (1993)); two LDV 
strains, LDV-C ( Godnev et aL Virology, 177, 768-771 

(1990) ) and LDV-P ( Kuo et al . Virus Res., 23, 55-72 
(1992)); and EAV ( Den Boon et al r J. Virol., 65, 2910-2920 

(1991) ) (Fig. 18). 

The amino acid sequences of the putative N gene are 
highly conserved among the seven U.S. PRRSV isolates (Fig. 
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18 (B) ) , and displayed 96-100% amino acid sequence identity 
(Table 1). However, the putative N proteins of the U.S. 
PRRSV isolates shared only 57-59% amino acid sequence 
identity with those of the two European isolates (Table 1) , 
suggesting that the U.S. and the European isolates may 
represent two different genotypes. 

The putative M protein of each of the U.S. isolates 
was also highly conserved, and displayed higher sequence 
similarity with the M proteins of the two European isolates 
(Fig. 18(A)), ranging from 78 to 81% amino acid identity 
(see Table 2 below). The putative N gene of each of the 
U.S. PRRSV isolates shared 49-50% amino acid sequence 
identity with that of the LDV strains, whereas the two 
European PRRSV isolates shared only 40-41% amino acid 
identity with that of the LDV strains (Table 2) . 

Two regions of amino acid sequence deletions, 
"KKSTAPM" (SEQ ID NO: 62) and "ASQG" (SEQ ID MO: 63) , were 
found in the putative N proteins of each of the seven U.S. 
PRRSV isolates, as well as the two LDV strains and EAV, 
when compared to the two European PRRSV isolates (Fig. 
18(B)). These results indicated that the U.S. PRRSV 
isolates are more closely related to LDV than are the 
European PRRSV isolates, and that PRRSV may have undergone 
divergent evolution in the U.S. and in Europe before their 
association with PRRS was recognized in swine ( Murtaucrh . 
Proc. Allen D. Leman Swine Conference, Minneapolis, MN, pp. 
43-45 (1993)). 

The European isolates may have diverged from LDV for a 
longer time than the U.S. isolates, and hence may have 
evolved first. However, the amino acid sequence identity 
of the putative M gene between U.S. PRRSV isolates and LDV 
strains was similar to that between the European PRRSV 
isolates and LDV strains (Table 2). The putative M and N 
genes of the U.S. and European isolates of PRRSV shared 
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only 15-17% and 22*24% amino acid sequence identity with 
those of EAV, respectively. 

The sequence homology of PRRSV with LDV and EAV 
suggests that these viruses are closely related and may 
have evolved from a common ancestor ( Plaaemann et al , 
supra; Murtauqh , supra) . The high sequence conservation 
between LDV and PRRSV supported the hypothesis that PRRSV 
may have evolved from LDV and was rapidly adapted to a new 
host species f Murtauqh , supra) . Asymptomatic LDV infection 
were found in all strains of mice ( Murtauqh , supra; Kuo et 
al , supra) . However, many pig forms are infested with wild 
rodents i Hooper et al , J. Vet. Diagn. Invest., 6, 13-15 
(1994)), so it is possible that PRRSV evolved from LDV- 
infected mice, and was rapidly adapted to a new host, 
swine . 

The evolutionary relationships of PRRSV with other 
members of the proposed arterivirus group were determined 
on the basis of the amino acid sequence of the putative M 
and N genes. Figure 19 shows a phylogenetic tree of the 
proposed arterivirus group based on the amino acid 
sequences of the putative M and N genes of this group. The 
phylogenetic tree for the N gene is essentially the same as 
that for the M gene. The length of the horizontal lines 
connecting one sequence to another is proportional to the 
estimated genetic distance between sequences, as indicated 
by the numbers given above each line. The UPGMA 
(unweighted pair group method with arithmetic mean) trees 
were constructed with a GENEWORKS program (IntelliGenetics, 
Inc.), which first clusters the two most similar sequences, 
then the average similarity of these two sequences is 
clustered with the next most similar sequences or 
subalignments, and the clustering continued in this manner 
until all sequences /isolates are located in the tree; both 
trees are unrooted. 
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The PRRSV isolates fall into two distinct groups* All 
the U.S. PRRSV isolates thus far sequenced are closely 
related and form one group. The two European PRRSV 
isolates are closely related and form another group. Both 
the U.S. and European PRRSV isolates are related to LDV 
strains and are distantly related to EAV (Fig. 19) . 

The evolution patterns for the putative N and M genes 
also suggest that PRRSV may be a variant of LDV. For 
example, the genetic distance of the U.S. PRRSV isolates is 
slightly closer to LDV than the European PRRSV isolates 
(Fig. 19), again suggesting that the U.S. and European 
PRRSV may have evolved from LDV at different time periods 
and existed separately before their association with PRRS 
was recognized in swine. European PRRSV may have evolved 
earlier than U.S. PRRSV. It is also possible that the U.S. 
and European PRRSV could have evolved separately from 
different LDV variants which existed separately in the U.S. 
and Europe. 

A striking feature of RNA viruses is their rapid 
evolution, resulting in extensive sequence variation 
( Koonin et al . Critical Rev. Biochem. Mol. Biol., 28, 375- 
430 (1993)). Direct evidence for recombination between 
different positive-stranci RNA viruses has been obtained 
( Lai . Microbiol. Rev*, 56, 61-79 (1992)). Western equine 
encephalitis virus appears to be an evolutionally recent 
hybrid between Eastern equine encephalitis virus and 
another alphavirus closely related to Sindbis virus ( Hahn 
et al . Proc. Natl. Acad. Sci. USA, 85, 5997-6001 (1988)). 
Accordingly, the emergence of PRRSV and its close 
relatedness to LDV and EAV is not surprising. Although the 
capsid or nucleocapsid protein has been used for 
construction of evolutionary trees of many positive-strand 
RNA viruses, proteins with conserved sequence motifs such 
as RNA-dependent RNA polymerase, RNA replicase, etc., are 
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typically more suitable for phylogenetic studies f Koonin et 
al , supra) . 

EXPERIMENT IV : 

CLONING AND SEQUENCING OF cDNA CORRESPONDING TO ORF'S 2, 3 

AND 4 OF PRRSV VR 2385. 

The region including ORF's 2, 3, and 4 of the genome 
of the porcine reproductive and respiratory syndrome virus 
(PRRSV) isolate VR 2385 was cloned and analyzed. To clone 
the cDNA of PRRSV VR 2385, ATCC CRL 11171 cells were 
infected with the virus at a m.o.i. of 0.1, and total 
cellular RNA was isolated using an RNA Isolation Kit 
(Stratagene) . The mRNA fraction was purified through a 
Poly (A) Quick column (Stratagene), and the purified mRNA 
was used to generate a cDNA library. A cDNA oligo dT 
library was constructed in Uni-ZAP XR X vector using a ZAP- 
cDNA synthesis kit (Stratagene) , according to the 
supplier's instructions. Recombinant clones were isolated 
after screening of the library with an ORF 4 - specific 
hybridization probe (a 240 b.p. PCR product specific for 
the 3' end of ORF 4; SEQ ID NO: 64). Recombinant pSK + 
contained PRRSV-specif ic cDNA was excised in vivo from 
positive X plagues according to the manufacturer's 
instructions . 

Several recombinant plasmids with nested set of cDNA 
inserts with sizes ranging from 2.3 to 3.9 kb were 
sequenced from the 5' ends of the cloned fragments. The 
nucleotide sequence of SEQ ID NO: 65 was determined on at 
least two independent cDNA clones and was 1800 nucleotides 
in length (Fig. 21) . Computer analysis of the nucleotide 
and the deduced amino acid sequences was performed using 
GENEWORKS (IntelliGenetics, Inc.) and MACVECTOR 
(International Biotechnologies, Inc.) programs. 
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Three partially overlapping ORF's (ORF 2, ORF 3 and 
ORF 4) were identified in this region. ORF's 2, 3 and 4 
comprised nucleotides 12-779 (SEQ ID NO: 66), 635-1396 (SEQ 
ID NO:68) and 1180-1713 (SEQ ID NO:70), respectively, in 
the sequenced cDNA fragment. 

A comparison of DNA sequences of ORF's 2, 3 and 4 of 
PRRSV VR 2385 with corresponding ORF's of LV virus (SEQ ID 
NOS:72, 74 and 76, respectively) is presented in Fig. 22. 
The level of nucleotide sequence identity (homology) was 
65% for ORF 2, 64% for ORF 3 and 66% for ORF 4. 

The predicted amino acid sequences encoded by ORF's 2- 
4 of PRRSV VR 2385 (SEQ ID NOS:67, 69 and 71, respectively) 
and of LV (SEQ ID MOS:73, 75 and 77, respectively) are 
shown in Fig 23. A comparison of PRRSV VR 2385 and LV 
shows a homology level of 58% for the protein encoded by 
ORF 2, 55% for the protein encoded by ORF 3 and 66% for the 
protein encoded by ORF 4 (see Fig. 23). 

EXPERIMENT V 
An immunoperoxidase method of detecting PRRSV 

Four 3 -week-old colostrum-deprived PRRSV negative 
animals were inoculated intranasally with 10 5 8 TCID 50 of 
PRRSV U.S. isolate ATCC VR 2386 propagated on ATCC CRL 
11171 cells. These pigs were housed on elevated woven-wire 
decks and fed a commercial milk replacer. Two pigs were 
necropsied at 4 days post inoculation (DPI) and two at 8 
DPI. 

At the time of necropsy, the right and left lungs of 
each pig were separated and inflated via the primary 
bronchus with 45 ml of one of four fixatives and then 
immersion fixed for 24 hours. The fixatives used in this 
experiment included 10% neutral buffered formalin, Bouin's 
solution, HISTOCHOICE (available from Ambresco, Solon, OH) , 
and a mixture containing 4% formaldehyde and 1% 
glutaraldehyde (4F:1G). The tissues fixed in Bouin's were 
rinsed in five 30-minute changes of 70% ethyl alcohol after 
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4 hours fixation in Bouin's. All the tissues were 
routinely processed in an automated tissue processor 
beginning in 70% ethyl alcohol. Tissues were processed to 
paraffin blocks within 48 hours of the necropsy. 

Sections of 3 micron thickness were mounted on poly-1- 
lysine coated glass slides, deparaf f inized with two changes 
of xylene and rehydrated through graded alcohol baths to 
distilled water. Endogenous peroxidase was removed by 
three 10-minute changes of 3% hydrogen peroxide. This was 
followed by a wash-bottle rinse with 0.05 M TRIS buffer (pH 
7.6) followed by a 5-minute TRIS bath. Protease digestion 
was performed on all tissue sections except those fixed in 
HISTOCHOICE. Digestion was done in 0.05% protease 
(Protease XIV, available from Sigma Chem. , St. Louis, Mo.) 
in TRIS buffer for 2 minutes at 37 °c. Digestion was 
followed by a TRIS-buffer wash-bottle rinse and then a 5- 
minute cold TRIS buffer bath. Blocking for 20 minutes was 
done with a 5% solution of normal goat serum (available 
from Sigma Chem., St. Louis, Mo.). 

The primary antibody used was the monoclonal antibody 
SDOW-17 (obtained from Dr. David Benfield, South Dakota 
State Univ.), diluted 1:1000 in TRIS/PBS (1 part TRIS: 9 
parts PBS (0.01 H, pH 7.2)). The monoclonal antibody SDOW- 
17 recognizes a conserved epitope on the PRRSV nucleocapsid 
protein ( Nelson et al , J. Clin. Microbiol., 31:3184-3189). 
The tissue sections were flooded with primary antibody and 
incubated at 4°C for 16 hours in a humidified chamber. The 
primary antibody incubation was then followed by a wash- 
bottle rinse with TRIS buffer, a 5-minute TRIS buffer bath, 
and then a 5-minute TRIS buffer bath containing 1% normal 
goat serum. The sections were flooded with biotinylated 
goat anti-mouse antisera (obtained from Dako Corporation, 
Carpintera, CA) for 30 minutes. The linking antibody 
incubation was followed by three rinses in TRIS buffer, as 
was done following primary antibody incubation. The 
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sections were then treated with peroxidase-conjugated 
streptavidin, diluted 1:200 in TRIS /PBS, for 40 minutes, 
followed by a TRIS buffer wash-bottle rinse and a 5-minute 
TRIS buffer bath. The sections were then incubated with 
freshly-made 3,3' -diaminobenzidine tetrahydrochloride (DAB , 
obtained from Vector Laboratories Inc., Burlirigame, CA) for 
8-10 minutes at room temperature, and then rinsed in a 
distilled water bath for 5 minutes. Counter staining was 
done in hematoxylin (available from Shandon, Inc., 
Pittsburgh, PA), and the sections were rinsed with Scott's 
Tap Water (10 g MgS0 4 and 2 g NaHC0 3 in 1 liter ultrapure 
water) , then with distilled water. After dehydration, the 
sections were covered with mounting media, and then a 
coverslip was applied. 

Two negative controls were included. Substitution of 
TRIS/PBS buffer in place of the primary antibody was done 
for one control. The other control was done by 
substituting uninfected, age-matched, gnotobiotic pig lungs 
for PRRSV- infected lungs. 

Histological changes in infected tissues were 
characterized by moderate multifocal proliferative 
interstitial pneumonia with pronounced type 2 pneumocyte 
hypertrophy and hyperplasia, moderate infiltration of 
alveolar septa with mononuclear cells, and abundant 
accumulation of necrotic cell debris and mixed inflammatory 
cells in the alveolar spaces. No bronchial or bronchiolar 
epithelial damage was observed. However, there was 
necrotic cell debris in the smaller airway lumina. 

Intense and specific staining in the cytoplasm of 
infected cells was observed in the formalin- and Bouin's- 
fixed tissues. Staining was less intense and specific in 
the 4F:lG-fixed tissues. There was poor staining, poor 
cellular detail, and moderate background staining in the 
HISTOCHOICE-f ixed tissues. Background staining was 
negligible with the other fixatives. Cellular detail was 
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superior in the formalin-fixed tissue sections and adequate 
in the Bouin's- and 4F:lG-fixed tissues. 

The labeled antigen was primarily within the cytoplasm 
of sloughed cells and macrophages in the alveolar spaces 
(Fig. 24) and within cellular debris in terminal airway 
lumina (Fig. 25) . When compared to sections from the same 
block stained with hematoxylin and eosin, it was determined 
that most of the labeled cells were macrophages, and some 
were likely sloughed pneumocytes. Lesser intensities of 
staining were observed in mononuclear cells within the 
alveolar septa and rarely in hypertrophied type 2 
pneumocytes . 

Using an immunoperoxidase technique on frozen 
sections, others were able to detect antigen in epithelial 
cells of brochioles and alveolar ducts as well as within 
cells in the alveolar septa and alveolar spaces ( Pol et al , 
"Pathological, ultrastructural , and immunohistochemical 
changes caused by Lelystad virus in experimentally induced 
infections of mystery swine disease (synonym: porcine 
epidemic abortion and respiratory syndrome (PEARS) ) , " Vet. 
£K, 13:137-143). We were unable to detect antigen in 
brochiolar epithelium using the present immunoperoxidase 
method. 

The present streptavidin-biotin complex (ABC) 
technique using a PRRSV monoclonal antibody can be modified 
as needed to identify PRRSV- infected porcine lungs. Both 
10% neutral-buffered formalin and Bouin's solution are 
acceptable fixatives. Protease digestion enhances the 
antigen detection without destroying cellular detail. This 
technique is therefore quite useful for the diagnosis of 
PRRSV-induced pneumonia of pigs, and for detection of PRRSV 
in lung tissue samples. 
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EXPERIMENT VI 

An immunohistochemical identification of sites of 
replication of PRRSV 

Summary ; Four three-week-old caesarian-derived, colostrum- 
deprived (CDCD) pigs were inoculated intranasal ly with an 
isolate of porcine reproductive and respiratory syndrome 
virus. All inoculated pigs exhibited moderate respiratory 
disease. Two pigs were necropsied at 4 days post 
inoculation (PI) and two at 9 days PI. Moderate 
consolidation of the lungs and severe enlargement of the 
lymph nodes were noted at necropsy. Moderate perivascular 
lymphomacrophagic myocarditis was observed. Marked 
lymphoid follicular hyperplasia and necrosis was observed 
in the tonsil, spleen, and lymph nodes. 

Porcine reproduction and respiratory syndrome virus 
antigen was detected by the present streptavidin-biotin 
immunoper oxidase method primarily within alveolar 
macrophages in the lung and in endothelial cells and 
macrophages in the heart. Macrophages and dendritic- like 
cells in the lymph nodes, spleen, tonsil, and thymus 
stained intensively positive for PRRSV nucleocapsid protein 
antigen as well. 

Experimental section : Four pigs were snatched from the 
birth canal of a sow that was positive for PRRSV antibody 
by indirect immunof luorescent antibody (IFA) examination of 
serum. The pigs were taken to a different site, housed on 
elevated woven-wire decks and raised on commercial milk 
replacer. These pigs were bled at 0, 7, 14, and 21 days of 
age and found to be negative for PRRSV antibody by the IFA 
test. No PRRSV was isolated from the serum of the pigs or 
sow using MARC-145 cells (available from National 
Veterinary Services Laboratory, Ames, Iowa). 
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All four pigs were inoculated intranasal ly at 3 weeks 
of age with 10 5 8 TCID 50 of PRRSV U.S. isolate ATCC VR 2385 
propagated on ATCC CRL 11171 cells. Mild-to-moderate 
respiratory disease was observed from 3-9 days post 
inoculation (DPI) . Two pigs were necropsied at 4 DPI and 
two at 9 DPI. At 4 DPI, one pig evidenced 31% and the 
other 36% tan-colored consolidation of the lungs. At 9 
DPI, the remaining two pigs evidenced 37% and 46% 
consolidation of the lungs, respectively. Lymph nodes were 
moderately enlarged and edematous. 

Lymphoid tissues collected at necropsy included the 
tonsil, thymus, spleen, tracheobronchial, mediastinal, and 
medial iliac lymph nodes. Lymphoid tissues were fixed by 
immersion for 24 hours in 10% neutral buffered formalin, 
processed routinely in an automated tissue processor, 
embedded in paraffin, sectioned at 6 microns and stained 
with hematoxylin and eosin. Additional sections (including 
the lung tissue sections above) were cut at 3 microns and 
mounted on poly-L- lysine coated slides for 
immunohistochemistry . 

The immunoperoxidase assay described in Experiment VI 
above was repeated. Briefly, after endogenous peroxidase 
was removed with 3% hydrogen peroxide, primary monoclonal 
antibody ascites fluid diluted 1:1000 in TRIS/PBS was added 
for 16 hours at 4°C in a humidified chamber. The 
monoclonal antibody SDOW-17 (obtained from Dr. David 
Benfield, South Dakota State Univ.), which recognizes a 
conserved epitope of the PRRSV nucleocapsid protein, was 
used. Biotinylated goat anti-mouse linking antibody 
(obtained from Dako Corporation, Carpintera, CA) was added, 
followed by treatment with peroxidase-conjugated 
streptavidin (obtained from Zymed Laboratories, South San 
Francisco, CA) and incubation with 3,3'-diaminobenzidine 
tetrahydrochloride (obtained from Vector Laboratories Inc., 
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Burlingame, CA) . The incubated sample was finally 
counter stained in hematoxylin. 

Microscopic lesions included interstitial pneumonia, 
myocarditis, tonsillitis, and lymphadenopathy . One section 
of lung from each lobe was examined. The interstitial 
pneumonic lesions were characterized by septal infiltration 
with mononuclear cells, hyperplasia and hypertrophy of type 
2 pneumocytes, and accumulation of macrophages and necrotic 
cell debris in alveolar spaces. These lesions were 
moderate and multifocal by 4 DPI and severe and diffuse by 
9 DPI. Bronchi and bronchiolar epithelium was unaffected. 
PRRSV antigen was readily detected by immunohistochemistry 
in alveolar macrophages. Large dark-brown PRRSV antigen- 
positive macrophages were often found in groups of 5-10 
cells. A few PRRSV antigen-positive mononuclear cells were 
observed within the alveolar septa. PRRSV antigen was not 
detected in any tissues of the negative control pigs. 

One section of left and one section of right ventricle 
were examined. At 4 DPI, there were small, randomly 
distributed, perivascular foci of lymphocytes and 
macrophages. There was moderate multifocal perivascular 
lymphoplasmacytic and histiocytic inflammation by 9 DPI . 
Moderate numbers or endothelial cells lining small 
capillaries of lymphatics throughout the myocardium stained 
strongly positive for PRRSV antigen (Fig. 26) at both 4 and 
9 DPI. The PRRSV antigen-positive endothelial cells 
frequently were not surrounded by inflammatory cells at 4 
DPI, but were in areas of inflammation at 9 DPI. A few 
macrophages between myocytes and in perivascular areolar 
tissue also stained strongly positive for PRRSV antigen. 

A mild tonsillitis with necrosis was observed. 
Necrotic foci of 1-10 cells with pyknosis and karyorrhexis 
were commonly observed in the center of prominent follicles 
and less often in the surrounding lymphoreticular tissue. 
Large numbers of lymphocytes and macrophages were observed 
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within the crypt epithelium, and moderate amounts of 
necrotic cell debris were observed in crypts. PRRSV 
antigen was readily detected within cells in the center of 
hyperplastic follicles, in the surrounding lymphoreticular 
tissue, and within cells in the crypt epithelium (Fig- 27). 
Staining was also present amongst necrotic debris in the 
crypts. In all these sites, the PRRSV antigen-positive 
cells resembled macrophages or dendritic-like cells. 

Thymic lesions were minimal. There were a few 
necrotic foci with pyknosis and karyorrhexis in the 
medulla. These foci tended to involve or be near thymic 
corpuscles. PRRSV antigen was frequently identified within 
macrophages near these necrotic areas and less often within 
large isolated macrophages in the cortex. 

Necrotic foci and single necrotic cells were evident 
with germinal centers of lymphoid nodules and in 
periarteriolar lymphoid sheaths (PALS) of the spleen. 
PRRSV antigen positive staining cells were concentrated in 
the center of lymphoid follicles and scattered throughout 
PALS. The positive cells generally had large oval nuclei 
and abundant cytoplasm with prominent cytoplasmic 
projections, compatible with macrophages or dendritic 
cells. Lesser numbers of positive-staining fusiform-shaped 
cells in the marginal zone were observed. The size and 
location of these cells suggests that they are reticular 
cells. 

The predominant lymph node changes were subcapsular 
edema, foci of necrosis in lymphoid follicles, and the 
presence of syncytial cells at the border of the central 
lymphoid tissue with the loose peripheral connective 
tissue. The high endothelial venules were unusually 
prominent and often swollen. The syncytial cells had 2-10 
nuclei with multiple prominent nucleoli and moderate 
eosinophilic cytoplasm. These cells did not appear to 
contain PRRSV antigen. Intense and specific cellular 
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cytoplasmic staining was observed in the follicles. The 
positive cells had large nuclei with abundant cytoplasm and 
prominent cytoplasmic processes (Fig. 27). These cells 
resembled macrophages or dendritic cells * Lesser numbers 
of positive cells were observed in the perifollicular 
lymphoid tissue. 

The lesion severity and the amount of antigen detected 
within various tissues was generally similar at 4 and 9 
DPI. The gross size of the lymph nodes and the number of 
syncytial cells in lymph nodes were more prominent at 9 DPI 
than at 4 DPI. The amount of antigen detected in the heart 
was also greater at 9 DPI. 

Tissues from age-matched uninfected CDCD pigs were 
used for histologic and immunohistochemical controls. 
Other negative controls for immunohistochemistry included 
using the same protocol less the primary PRRSV antibody on 
the infected pig tissues ♦ PRRSV antigen was not detected 
in any of the negative controls. 

Conclusions ; The immunohistochemical procedure 
described herein is useful for detecting PRRSV antigen in 
the lung, heart and lymphoid tissues of PRRSV-infected 
pigs. Severe interstitial pneumonia and moderate 
multifocal perivascular lymphohistiocytic myocarditis was 
observed. Marked lymphoid follicular hyperplasia and 
necrosis of individual or small clusters of cells in the 
tonsil, spleen, and lymph nodes was also observed. PRRSV 
antigen was readily detected in alveolar macrophages in the 
lung and in endothelial cells and macrophages in the heart. 
Macrophages and dendritic- like cells in tonsil, lymph 
nodes, thymus, and spleen stained intensely positive for 
viral antigen as well. 

PRRSV may replicate in the tonsil with subsequent 
viremia and further replication, primarily within 
macrophages in the respiratory and lymphoid systems of the 
pig. 
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EXPERIMENT VII 

Diagnosing PRRS ; 

The present streptavidin-biotin immunoperoxidase test 
for detection of PRRSV antigen in tissues is quite useful 
to confirm the presence of active infection. 26 pigs were 
experimentally inoculated with ATCC VR 2385 PRRSV in 
accordance with the procedure in Experiments V/VI above. 
One section of each of the lungs, tonsils, mediastinal 
lymph nodes, and tracheobronchial lymph nodes from each pig 
was examined. The virus was detected by the 
immunoperoxidase assay of Experiment V in 23/26 lungs, 
26/26 tonsils, 15/26 mediastinal lymph nodes, and 14/26 
tracheobronchial lymph nodes. 

The pigs in this experiment were killed over a 28 day 
period post- inoculation. The virus was detected in at 
least one tissue in every pig necropsied up to 10 days post 
inoculation. 

A complete technique for the streptavidin-biotin based 
immunoperoxidase technique for PRRSV antigen detection in 
porcine tissues is described in Experiment V infra. 
Briefly, after endogenous peroxidase removal by 3% hydrogen 
peroxide and digestion with 0.05% protease (Protease XIV, 
Sigma Chemical Company, St. Louis, MO), primary monoclonal 
antibody ascites fluid diluted 1:1000 in TRIS/PBS is added 
for 16 hours at 4°C in a humidified chamber. The 
monoclonal antibody used was SDOW-17 (Dr. David Benfield, 
South Dakota State Univ.), which recognizes a conserved 
epitope of the PRRSV nucleocapsid protein ( Nelson et al . 
"Differentiation of U.S. and European isolates of porcine 
reproductive and respiratory syndrome virus by monoclonal 
antibodies," J. Clin. Micro., 31:3184-3189 (1993)). 
Biotinylated goat anti-mouse linking antibody (Dako 
Corporation, Carpintera, CA) is then contacted with the 
tissue, followed by treatment with peroxidase-conjugated 
streptavidin (Zymed Laboratories, South San Francisco, CA) , 
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incubation with 3,3'-diaminobenzidine tetrahydrochloride 
(Vector Laboratories Inc., Burlingame, CA) , and finally 
staining with hematoxylin* 

Particularly when combined with one or more additional 
analytical techniques such as histopathology, virus 
isolation and/or serology, the present tissue 
immunoperoxidase antigen detection assay offers a rapid and 
reliable diagnosis of PRRSV infection* 

EXPERIMENT VIII 

The pathogenicity of PRRSV isolates in 4-8 week old 
pigs was determined. The isolates were divided into two 
groups: (1) phenotypes with high virulence (hv) and (2) 
phenotypes with low virulence (lv) (see Table 3 below) . 
For example, the mean percentage of lung consolidation of 
groups of pigs inoculated with a PRRSV isolate is shown in 
Table 4 below. The pathogenicity of a number of PRRSV 
isolates at 10 DPI is shown in Table 5 below. The results 
in Table 5 were statistically analyzed to verify the 
difference between hv and lv phenotypes, as determined by 
percentage lung consolidation* 

Isolates characterized as high virulence produce 
severe clinical disease with high fever and dyspnea. In 
general, hv isolates produce severe pneumonia characterized 
by proliferative interstitial pneumonia with marked type II 
pneumocyte proliferation, syncytial cell formation, 
alveolar exudate accumulation, mild septal infiltration 
with mononuclear cells, encephalitis and myocarditis 
(designated PRRS-B hereinafter) . Isolates characterized as 
low virulence do not produce significant clinical disease 
and produce mild pneumonia characterized predominately by 
interstitial pneumonia with septal infiltration by 
1 mononuclear cells, typical of classical PRRS (designated 
PRRS-A hereinafter) . 
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Table 3 : Characteristics and Pathogenicity of PRRSV Isolates 



Vims 


No. of 


mRNA 4 


Severily of 


Microscopic Lesions** 


Isolate 


Subgenomic 
mRNAs 




gross 
pneumonia* 
lesions 


Lesion 
Type 

in 
Lung 


Heart 


Brain 


High Virulence (h\ 


) 












VR 2385 


6 


Normal 


+ + + + 


B 


+ + + + 


+ + + + 


VR 2429 


8 


Normal 


+ + + + 


B 


+ + + + 


+ + + 


ISU-28 


ND 


ND 


+ + + 


B 


+ + + + 


+ + + + 


ISU-79 


8 


Normal 


+ + + + 


B 


+ + + 


+ + + 


LSU-984 


ND 


ND 


+ + + 


B 


+ + + 


+ + + 


Low Virulence flv) 


KU-51 


ND 


ND 




A 


+ 


+ 


VR 2430 


8 


Normal 




Am 






ISU-95 


ND 


ND 




A 


. + 


+ 


ISU-1894 


6 


Normal 


+ 


A/B 


+ 




VR 2431 


6 


Deletion 


+ 


A/B 






Leiystad*** 


6 


Normal 


+ 


A 


+/- 





(-) normal, (+) mild, {+ +) moderate, (+ + +) severe, (+ + + +) very severe pneumonia. 



PRRSV isolates produce two types of microscopic lung lesions: Type A lesions include interstitial pneumonia 
with mild septal infiltration with mononuclear cells typical of PRRS as described by Collins et al (1992); Type 
B lesions include proliferation of type II pneumocytes, and are typical of those described as PIP (Halbur et af 

1993). 

Pol et al . (Vet. Quart*. 13:137-143 (1991); Wensvoort et al . Antigenic comparison of Lerystad virus and 
swine infertility and respiratory syndrome virus. / Vet. Diagn. Invest., 4:134-138 (1992); Meulenberg et al . 
Lelystad virus, the causative agent of porcine epidemic abortion and respiratory syndrome (PEARS), is related 
to LDV and EAV. Virology, 192:62-72 (1993). 
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TABLE 4 



VIRUS 
ISOLATE 


Mean % Lung 
Consolidation Score at 
DPI* 


3 


10 


21 


28 


VR-2385 


29 


77.3 


37.3 


6.0 


VR-2386pp 


20.5 


77.5 


25.0 


0.0 


ISU-22 


26.5 


64.8 


36.5 


11.0 


ISU-984 


7.25 


76.0 


21.0 


0.5 


ISU-3927 


13.5 


10.5 


0 


0.0 


PSP-36 


0 


0 


0 


0.0 


UNINOC 


0 


0 


0 


0.0 



*: Score range is from 0-100% consolidation of the lung 
tissue. 



TABLE 5 



INOCULUM 


NO. PIGS 


Mean % Lung Consolidation 
at 10 DPI + S.D. 


Uninfected 


10 


0 + 0 


CRL 11171 Cell Line 


10 


0 + 0 


ISU-51 


10 


16.7 + 9.0 


ISU-55 


10 


20.8 + 15.1 


ISU-1894 


10 


27.4 + 11.7 


ISU-79 


10 


51.9 + 13.5 


VR-2386pp 


10 


54.3 + 9.8 


ISU-28 


10 


62.4 + 20.9 



* Pathogenicity of PRRSV isolates ISU-28, VR 2386pp and 
ISU-79 were not significantly different (p > 0.05) 
from each other, but were different from that of ISU- 
51, ISU-55, and ISU-1894 (p < 0.001). All PRRSV 
isolates were significantly different (p < 0.001) from 
controls. 
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The precise mechanisms important in pathogenesis of 
PRRSV infection have not been fully delineated. However, 
alveolar macrophages and epithelial cells lining bronchioli 
and alveolar ducts have been shown to contain viral antigen 
by immunocytochemistry on frozen sections ( Pol et al : 
Pathological, ultrastructural, and immunohistochemical 
changes caused by Lelystad virus in experimentally induced 
infections of mystery swine disease (synonym: porcine 
epidermic abortion and respiratory syndrome (PEARS) . 
Veterinary Quarterly, 13:137-143 (1991)). 

The present immunocytochemistry test for the detection 
of PRRSV in formalin-fixed tissues (see Experiment VI 
supra) shows that PRRSV also replicates in alveolar 
epithelial cells and macrophages. The extent of virus 
replication and cell types infected by PRRSV isolates also 
appears to vary (see Experiment X below) . 

The role of different genes in virulence and 
replication is not precisely known. However, ORF's 4 and 5 
appear to be important determinants of in vivo virulence 
and in vitro replication in PRRSV. 

The results of cloning and sequencing ORF's 5, 6 and 7 
of PRRSV isolate VR 2385 (see Experiment I supra) show that 
ORF 5 encodes a membrane protein (also see U.S. application 
Serial No. 08/131,625). A comparison of ORF's 5-7 of VR 
2385 with ORF's 5-7 of Lelystad virus shows that ORF 5 is 
the least-conserved of the three proteins analyzed (see 
Table 2 supra) f thus indicating that ORF 5 may be important 
in determining virulence. 

Based on Northern blot results, ORF 4 of Iv isolate VR 
2431 appears to have a deletion in mRNA 4 (also see 
Experiment V of U.S. application Serial No. 08/131,625). 

EXPERIMENTS IX-XI 

PRRSV (ATCC VR 2386) was propagated in vitro in ATCC 
CRL 11171 cells by the method disclosed in Experiment III 
of U.S. application Serial No. 08/131,625. The PRRSV 
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isolate was biologically cloned by three rounds of plaque 
purification on CRL 11171 cells and characterized. The 
plaque-purified isolate (hereinafter W VR 2386pp", which is 
equivalent to VR 2386, deposited at the ATCC, Rockville 
Maryland, on October 29, 1992) replicated to about 10 6 -10 7 
TCID S0 /ml at the 11th cell culture passage in CRL 11171 
cells. Viral antigens were also detected in the cytoplasm 
of infected cells using convalescent PRRSV serum. VR 
2386pp was shown to be antigenically related to VR 2332 by 
IFA using polyclonal and monoclonal antibodies to the 
nucleocapsid protein of VR 2332 (SDOW-17, obtained from Dr. 
David Benf ield, South Dakota State University) . 

Several other virus isolates (VR 2429 (ISU-22), ISU- 
28, VR 2428 (ISU-51) , VR 2430 (ISU-55) , ISU-79, ISU-984, 
ISU-1894, and VR 2431 (ISU-3927) ) were isolated and plaque- 
purified on CRL 11171 cell line- Virus replication in the 
CRL 11171 cell line varied among PRRSV isolates (see Table 
3 below) . Isolate VR 2385 and plaque-purified isolates VR 
2386pp, VR 2430 and ISU-79 replicated to 10 6 " 7 TCID 50 /ml, and 
thus, have a high replication (hr) phenotype. Other 
isolates, such as ISU-984, ISU-1894 replicated to a titer 
of 10 4 * 5 TCID S0 /ml, corresponding to a moderate replication 
(mr) phenotype. Isolates ISU-3927 and ISU-984 replicated 
very poorly on CRL 11171 cell line and usually yielded a 
titer of 10 3 TCID 50 /ml, and thus have a low replication (lr) 
phenotype . 

EXPERIMENT IX 
The pathogenicity of several PRRSV isolates was 
compared in cesarean-derived colostrum-deprived (CDCD) pigs 
to determine if there was a correlation between in vitro 
replication and pathogenicity (also see Experiment V of 
application Serial No, 08/131,625. Pour plaque-purified 
PRRSV isolates (VR 2386pp, VR 2429, ISU-984, and VR 2431) , 
and one non-plaque-purified isolate (VR 2385) were used to 
inoculate pigs. An uninoculated group and an uninfected 
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X .LN3HIH3dX3 
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sBq (o)8Z *6TJ u T 6unx SBaaaqA 'BTUomxiaud pxp* AaaA sBq 
(a)8Z # &T«i U T ^ un t *dd98€Z HA a^BXosT Aq qq.TA pa^oajUT 

3UTX XT^o moaj spTnxj aanq.xno ao (0) 'XEfrZ HA aq.BXosT ax 
q^TA pa^oajuT aujx XX a ^ moaj spTnxj aanq.xno (a) 'XZ.TTX TH3 
aujx TT&o paq.oajuTun moaj pjnxj aanq.xno (m) qq.TA paq.BxnoouT 
s6jd uioaj s6unx jo sqdBafio^oqd '(o)-(Y)8Z 'sfcTj ui 

•saq.BxosT Aq aqq. 

UBqq. ST^TXBqdaoua pub sjq.TpaBOoAra aaaAas ssax pasnBO osxb 
saq.BXosT ax aqj; * (e axqBi) STq.TpaBooAm puB 'sT^xx^qdaoua 
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aaaqj, 'Ida XZ pub 'ox ' L 'C q.B paxxTX bjloa dnoaB qoBa moaj 
sfiTd oai, -sxoaquoo sb paAaas dnoaB paq.BxnoouT-aanq.xno XT 3D 
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ASHHd ux saSueqo oxq.aua& pue sadAqouaqd XBo*c6oxoxq 
uaai*q.aq uox^Bxsaaoo b sga aJtaqq. jx auxuua^ap ojt 

IX J*N3HIH3dX3 

• (9)62 -6tj ux 

Huxmnx Ae/<vaxi3 x^uxuLiaq. «T sxaqap a^x^TT^o uxqqx/\ pue '(Y)6Z 
*6xj ux u/ioqs Ax^eaxo sx saoeds jtoxosax* ux sxx^o 

pai|6noxs pue sa6eqdo3oera jo ms^xdoqAo aqq uxqq.XAi Buxuxeqs 
3AX^xsod *pasn aaew 6uxuxpq.saa^unoo uxxAxoq.emaq qq.x/* 
paxdnoo anbxuqoaq asBpxxoaadoununax (osy) xaxduioo uxq.oxq 
-uxpxA^qdaa^s y *S8EZ HA q^-XA AxsnoXAaad sAep 6 pa^oajux 
6xd b raoaj 6unx jo Apoqxqu© puoioouora ASHHd-Tl U13 tOT A ' 
6uxuxeq.s x*0T ra9 ^30}ST^ 0U ™ro*T '(S)-(Y)6Z saanfixj ui 

•sanssx^ ux uaBxqup ASHHd qoaq.ap 
oq. Ajto^eaoqeq oxqsou5exa A:reux;iaq.aA Aq.xs;t3AXun aq.nq.s baoi 
aqq. }e pasn Axaux^noa 6uxaq i*ou sx q.saq. sxqj, *((Y)6Z m bjd 
aas) safieqdojoem pus sxx^o x^TT^q^xda a^xoaAXB ux suafixqxre 
X^aXA qoaq.ap oq. pasn ssm ASHHd oq. saxpoqx^uB x^uoxoouom 
fiuxsn a quaraxaadxa jo Aesse asepxxojadoununon: aqj; 

*H adAq. ASHHd Aq paonpoad suoxsax aqq. s/*oqs 
(o)SZ # 6xd pue adAq ASHHd Aq paonpoad suoxsax ®qq. aie 
(9) 82 •btj '6unx x^^jrou b s/\oqs (v)8Z qoxqM ux ' (o) 

-(Y)8Z *s6xj U T UMoqs aae suoxsax adAq a-SHHd pue v-SHHd jo 
saxdurexa *(E66T) 6S-0S *dd 'eouajajuo;> A-retrr-ra^aA re~rqua;? 

•ooaa *aseasxp Aaoq^axdsajt x^*T A auxoaod jo MaxAaaAO uv 
'X* q>3 anqx^H Aq pus S39'XCT/80 *on X^T ja S uoxq.BOXxdde *S"Q 
ux paqxaosap sb 'uox^puiaog: xi^o x*T^°u*s pub uoxq.*pnxa 
JBXoaAXH 'uoxq.eaajxxoad aq.Aooomaud n adAq pa^Bin qq.xi* 
exuoranaud x*T}T}s;raq.ux SAx^eaajxxoad se pazxaaq.oe;reqo sx 
puB sa^exosx Aq ux punoj sx 'a-SHHd 'uoxsax jo adAq puooas 
3q»E -((Z66I) 9ZX-Z.Xi:fr '•qsaAUj *u5^ja 'l^A T *s£xd 
oxq.oxqoq.ou6 ux aseasxp aqq. jo uoxq.onpoadaa XB^uamxaadxa 
pue eoxaauiY qq.aoN ux ( 2CC2-HA DOXY aqexosx) siuta amoapuAs 
Aaoqeaxdsaa pup Aqxxxqaajux auxAS jo uoxq.exosi 'x* 4 9 
suxxxoo Aq paqxaosap sis) SHHd jo x^^TdAq. sxx^o aeaxonuouom 
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jo uxfiTJto aqi auxraaa^ap oq. papaau a;re saxpn^s i^uox^xppv 
•aq.xs ^ae^s xsuoxqdxaosufcjq. a^Buaa^x^ u« uiojj paqx-iosu^aq. 
Axqxssod g pue p auaB mojcj paAxaap aae saq.exosx ASHHd aoios 
qq.x/\ paq.oajux sxT^o ux s,YNHitt x^uoxqjppe aq} a^inoads 
* (Z66T 'T* ^ onx) saan^xno a6eqdoao*ui ux paq.*6edoad 
sa^^xosx AQT ux pa^oaq.ap uaaq s*q YNHU oxiuouafiqns 
XHUOxq.xppe ma 'Ax6uxq.saaa:jui -ion /*ox pa^oajux saanq^xno 
ux Axpaq.Badaj paAaasqo aaaw pup 9 pue £ SjYNHU oxraouafiqns 
uaa/^aq pa^eoox aaB Aaqq. q.nq 'uaou^ ^ou sx s,ynhk jo 
saxoads leuopxppB 0/^ aq} jo uxbxao q,oexa aqx • (OE 
SiYMHW oxiaouafiqns 8 P**l sa^nxosx aajtqq. ';sw;uoo ui *snaxA 
peq.sAxeT: aoj paqjaosap q.*qq. oq. ;rexT ra T s 's,ynhto oxmouafiqns 
9 peq saq.exosx aaaq} jo s,ynhk oxuouafiqns aqj, 'paaeduoo 
osx^ aaa/i sazxs aAX^xaJ JT ai n- P UB s,YNHut oxtnoua6qns 
jo saaqumu x*V>q. aqj, • (aAoqe 1 q.uamxaadxa pue 0£ "fix J 
aas) YNHU oxntouafiqns quepunqe q>sout aq} sbm dd98E2 HA jo 
Z. YNH<tt aqj, • (£66T) ZZ.-Z9 'Z6T 'A£oro.xTA 'X* 1* oaaquaxnaw 
'(C66T) 6EE-6ZE '£61 'ABoxoxjA 'T« uubiux^zuoo) 
s,YNHm oxmouafiqns pue araouaB aq} jo sazxs pa}«ntx}sa 
aq} ux saouaaajjxp }qfixxs aaa/i aaaq} qfinoq}x* 'AT[ JO asoq} 
paxqmasaa ' (cpi 6*0) £. YNH* pue (q:* fr-x) 9 YNH* ' (q* 6*T) 
g YNH* '(q^H C-Z) * YKtftt ' (q* 8*2) £ YNH* ' (cp( £*£) 3 YNH* 
'S/YNHtt oxraouafeqns xxs aq} puB (qn z.**x) YNH oxmouafi X^axA 
dd98£Z HA jo azxs aqj, • (oe '6TJ) saxoads YNH^ oxmouafiqns 
9 jo q.as paq^sau h pax^aAaa uoxq.BzxpxaqAq ^oxq uaaqq.aoN 

*(S29'X£T/80 'on T^xaas uox^eoxxdd^ *s*n ws) aouanbas 
Z.-JHO jo 3.SOU1 pun aouanbas buxpoouou ,z paux©q.uoo 

aqoad aqj, 'amouafi imta' aqq. jo uox6aa iBUTwa; ,z 
amaa^xa aqq. fiux^fucxJ saautxad jo ^as b qq.x/\ aod Aq paq.eaaua6 

s«/i aqoad YMOO y *saut3aqraam uoxAu o^uo paq.q.oxq pue 
asoaefee OSWa/T^xoAx& %X uo pa^jc^das 'poqq.am a^u^Aooxq^osx 
auxpxuenfi aq^ Aq pa^exosx aaa/\ sxi^o TiTIT THO pa^oajux 
-snaxA dd98£3 HA ^qi moaj SiYNH aHxnxx^o^a^ux x^q.01 

•sa^pxosx 

ASHHd 9 uo pamaojaad aaa/\ sasAx^ue ^oxq uaaq^aoN 'saq.exosx 
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SflHIA OYJiSATJT: 3HJ, HJjIM SaiYIOSI SI1HIA aWOHONAS 

AHOivaidsaa ony aAiionaoHdan aNionod -s-n omj, jo 

NOIinaiHiSia NSOIiLNY ONV AtLIDIN3SOHI,Yd 3HJ, JO NOSIHYdHOO 

iix .LNawiaadxa 

*fr JHO sqx ux sqsxxa uox^exap b qBqq. fiux^safifins snqq, 'f, 
YNH* oxmouafiqns fiuxq.Bafixm aaqsBj b aABq oq saBaddB 'uxaaaq 
paqxaosap saqjaxosx ASHHd utbj^s baoi aqq fiuouiB (adAqouaqd 
ax) aqBXosx quaxtiaxA qsBax aqq. sx qoxq/\ puB (adAqouaqd 
ax) zan* ^OT oq saqBOXxdaa qoxq* 'xCfrZ HA 'saqBxosx 
aqq. jo auo 'Ax}uboxjxu6xs aaow ♦saqBxosx ASHHd *S-fl fiuonre 
saxaBA osxb s^YNH* jo qunoutB aqq pub s,YNHm oxmouafiqns 
jo aaqrnnu aqj; *saanq.xno Xiao ux uox^BOjxdaa jo quaqjca aqq. 
puB AqxoxuafioqqBd ux AaBA saqBXOsx ASHHd 'AaBmnms ui 

*sadAqouaqd uoxq.Boxxcfea 
puB aouaxnaxA jo uoxssaadxa ux axoa b ABxd oq> Axaxyx 
ssax aaB L pub 9 sauafi 'aAOqB paqxaosap sy •uoxqjsoxxdaa 
pue aauaxnaxA ux q.uBqaodmx aq Abui auafi qBqq. sqsafifins 
sxqi -uxaaaq paqxaosap suxBaqs baoi aqq jo aqBXosx 
ASHHd quaxnaxA qsBax aqq sx puB sadAq.ouaqd ax Pub ax SBq 
XE*2 HA aqBXosx aqq ' Axfiuxqsaaaqui *uoxqaxap b fiuxqsafifins 
'fiuxqqoxq uaaqqaoN ux saqBxosx aaqq.o jo qBqq. UBqq. aaq.SBj 
saq,Bafixm UZ6C-nsl) XCfrZ HA jo YNH« oxmouafiqns aqi 

* 6£-flSI pub 

'0£*Z HA '6Z*Z HA saqBxosx ux quapXAa aaB s,YNH<tt x^uoxqxppc 
omj, -xafi qqanoj b ux una sba zz-nsi pub 'xafi P^T^ « ux 
una aaaw 6Z.-QSI put? oCfrZ HA 'X*fi puooas b ux una aaa* xefrZ 
HA pus t>68I-flSI 'X^fi ®uo ux una (31) aqBXosx ddgsCZ HA 

sqji 'squamxaadxa uoxq.BzxpxaqAq ^oxq uaaqqaoN aqBaBdas anoj 
moaj sqxnsaa squasaadaa BqBp sxqj, * («Z.Z6C« sb pa^Bufixsap 
'X£*3 HA PUB '(«fr68X.. SB pa^BUfixsap) *68I-nSI '(..6£« 
sb paqBufixsap) 6Z.-ASI ' («SS» SB pa^Bufixsap 'oCfrS HA ' («2Z« 
sb paqj?ufixsap 'zz-QSl) 6ZPZ HA '(hZTu sb pa^Bufixsap) dd98CZ 
HA sa^BXOSX ASHHd jo sqoxq uaaqq.aoN snoqs 0£ '6xj 

•suoxqoajux 

ASHHd jo sxsauafioq^Bd ux aouBoxjxufixs axaqq pub s,YNH asaqq. 
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XBquamx.iadxa 6utaotioj aqq. ui) 'ASHHd Aq paonpux 
aseasxp jo STsauafeoqqcd aqq puBqsaapun aa^qaq oq. dxaq 
ASHHd jo s^peaaqqno piaxj 30 AqxaaAas ux saouaaajjxp 
aqq ujBxdxa Aboi qBqq> saouaaajjxp pub sexqxaeixmxs quanmoop 
oq x^po^ 6xd uoraittOD b ux (OTOOS 'baoi 'saurv 'frfr8 xog *o*d 
'Aaoq.BJoqB'i saoxAaas Ajraue^A ibuox^hn ®*iq> wojcj pauxBqqo 
'soxta pBqsAxa*i) uxB:iqs UBadoaiia b pub ([TGfr£ HA] £26£ 
-flSI ' [S8£2 HAl 2T>flSl) suxBa^s OAq. jo uoxqnqxaqsxp 

uaBxquB puB AqjoxuafioqqBd aqq sajBdmoo quaaixjtadxa sxqj, 

•^xun 

aqq 3:0 (aoxj Bxd) axA^s uoxqonpoad ao 'saouaaajjxp 6uxsnoq 
jo x^uaumoaxAua 'saouaaajjxp Aq.Tixqxq.daosn3 oxqauab 
6xd 'saouaaajjxp uxBjqs stucxa fiuxpnxoux 'saxqxxTQT ssod 
jo aaqumu b oq anp aq ABm sxqj; 'ASHHd WIT** uoxq.oajux 
oq. anp sassox quaaBddB ou aABq spaaq aaqqo axtqi* '((fr66T) 
9Efr *d ''Dos *1&A bjd *aaquj qq£T *ooa<f M ' s6xd Aaasanu 
ux (SHHd) amoopuAs Rxo^xxdsBX pub aAxqonpoadajt auxoaod 
jo qoBdutx x^T oireu TJ 1° uox^BnxBAa uy« ^ uosxod 
•'(366T) ZZX # d "OOS *5©A ^d --raquj qq2T *oojr<f M '(SHY3d) 
amoapuAs Aaoq.Baxdsaa puB uoxqaoqv oxraapxda auxoaoa 
jo qoBdmi x«T OUBU T«iM ' *® uosxod) sassox uoxq.onpoad 
qfixq aqq, Aq paq.BqsBAap aaB spaaq autos 'q.OBj ui *axqBxaBA 
aqxnb sx s3{Bajqq.no jo uoxq.Banp puB AqxaaAas aq«L 

*uoxqoaq.oad 

ApoqxquB aAXSSBd qsox aABq qBqq. sxbuixub axqxq.daosns aafiunoA 
oq spoqs Jtapxo mojj soixa aqq. jo 6uxppaqs aoj aqBxadoaddB 
sx qxun aqq qfrioaqq. aoxj~6t<* aaaqA sbubj araos uo maxqoad 
6uxo6uo ub amooaq jo sqquout fr-x raoaj ^sbx Abui s?{Bajqqno 
•((E66X) "ZsaAtii ♦ufiera # qaA T ' * ^ UBuiaz i (G66I) 
OSE-Cfr£ *dd <% ?o©Jd aux^s *oossv •ory m ooad d'xaxdmoo 
aseasxp Aaoqeaxdsaa auxojtod aqq oq suoxqnqxaquoo x^^TAm 
' * XB qa anqx^H) s6xd pxo-x^^-OT^Z ux paAJasqo Axquanbaaj 
aaB sxqxaaq.ua pub Bxrcaoxqdas 'Bxuoomaud x 15 !* 19 ^ 0 ^ 
AaBpuooas qqxw asBasxp Aaoq.BJxdsaa paonpux-ASHHd 
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I^maou = o 

raAoqe paqxaosap sxsAxmre ssaa:*.sxp Aao^axdsaa aqq. 
oq. aexxrcxs 'abuM axoos 9-0 buxAOixoj aqq m^T A aouepaooon 
ux 'Ida OT 03, 0 A«p moaj Axxnp bxd qoea oq uaAXb s©/\ aaoos 
ascasxp Aaoq^axdsaa ibdxuxxo v 'Ida 01 qbnoaqq Ida Z- 
uioaj Axx^p pepaooea pu* ua^q. aaa*i saanq.Baadraaq i^qoan 

uoxq.BtiiBAa T^T U TT3 
•aauuem aires aqq. ux ^xpam aan^ino 
Tiao paq.oajuxun jo ti s uaAxb aaan sbxd xoaquoo *bxd ;rad 
saqnuxra e-Z Axaq^mxxoadd* BuT^e* 'sbxd aqq. jo sxxa^sou qq.oq 
oqux paddxap Axaoxs s*m bitiooux am *^onq Aung: 3[oau axaqq. 
Buxpuaqxa pue Jtoou aqq, oq. jc^inoxpuadaad s^oo^nq Jtxaqt* 
uo maqq. buxqq.xs Aq Attbs^m^ut pabuaneqo aaa/* sbxd 

VsOT s«m snaxA peqsAiai jo asop abuaxx^qo 
aq£ -T£W HA *oj fl5 0T pu* 98CZ HA JOJ e g 01 aaaA sasop 
afiuan^qb # saraxq. aajtqq paxjxand-anbcxd s«a sojxa qoea 

:uox^eaedaad exnooui siuta 
•(Ida) uoxqexnooux q.sod sAup 8Z pue 
13 'ST 'OT ' L 'S 'E 'Z 'T Aojaq 9 axq*£ ux paxxcqap st> 
paxsdoaoau aaa/* sbxd aq:* 'umxnooux stijxa e qq.x* a6uaiT^qo 
fiuxMOixod -uoxq^a passq x^am ueaqAos ptre uxoo uxa^oad 
%8T aqaxdwoo * paj pu« s^pap aax/\ ubaoa pasxea uo pasnoq 
aaai* sbxd aqj, *sraaqsAs uox^xxquaA pa^raoqnc 'aqs;redas 
p^q sbuxpxxuq a *0- uxqqx* moojt qoi*a • (mooa aad sfixd e pu* 
'sbxd TT 'sbxd Tl) smooj aqsaedas c oqux papxAxp aaqq;mj 
aaa* sbxd aq} 'buxpxxnq M^sa uxqqjM -sbuxpxxnq paq^iosx 
anoj jo auo oq. paubxss© pu* qoea sbxd gj jo sdnoab ab;rex 
^ oq.ux papxAxp Axinopuea aaan abn jo s^aaA p jo sbxd (aoaD) 
paAxadap-utnaq.soxoo-paAxaap-ucxaesaBO paopunq auo 

rubxsaa TB^uamxaadxa 
spoqqaH pue siBxaaq.^w 
(•saaquiaitt „A I4 feuxA^q sbxd jo dnoab a^xnoxqa^d * 
jo q.no 4l x M sbxd jo .laqmnu aqq. oq saajaa uA/x,, 'suoxq.dxaosap 
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•Bxd qoea jcoj Bunx ajcx^ue aqq. jo uoxq.Bpxxosuoo 
quaoaad aqq jo atqBiux^sa ub sba saqoi aqq. joj x*}oq. am 
•aqox qoBa ux uox^Bpxxosuoo jo qunoure aqq. qoaxjea oq. uaAxB 
sbm ajcoos b pub 'paq.cmxq.sa aaaw sajcoos uoxsax Bunx ssoao 
•squxod oox jo x*V>q * qoBaa 04 saqox x^Phbd }jax pub qqfixa 
aqq. jo qoca oq. pauBxsse aaaa squxod (s*lz) JX^-^uo pus 
uaAas-Aquawj, -squxod (g) aAxj pauBxss© sbm aqox Aaossaooe 
aqj, -bunx aqq. jo aqox Joxaa^up }jax aq^ 30 :qaBd x«Phbo put? 
'aqox aoxjaquB qjax aqq. jo };red aoxaa^u© 'aqox ^TPPT^ ^qBxj 
'aqox JOxaaquB }q6x;r aq^ jo qoBa oq. pauBxssB aaa* squxod 
axqxssod (ox) uaj, -aqox }Bqq. Aq pa^uasaadaa Bunx aax^ua 
jo aamxoA aqBttixxojidde aqq q^oaxjaa oq. jaqranu b pauBxsse 
stew aqox Bunx qoBa -Bunx aqq. jo uoxqBpxxosuoo quaoaad 
aqq aq.eraxq.sa oq. aaoos b uaAxB ejan suoxsax Bunx oxdoosoaoBR 
•sBxd XT^ uo paoLiojaad aaaM saxsdoaoau a^axdraoo 

:uoxq.euxuiBxd oxBoxoq^e<j 
•ajoos asBasxp Aaoq.eaxdsaa aqq ux paq.oaxjaa q.ou aaB pub 
'Axaqe^Hdas paq.ou aaan A6;tBqq>ax *o aouaq.addBUX 'BaqaaBxp 
'BuxqBnoo axix suoxq,BAJtasqo x^ojuxxo ^UBAaxaa aaq^o 
•spuooas 09-OC Axoqeraxxoadde xoj aan^Jtadraa^ tv^obx s,6xd 
aq^ Bux^q pub uub aaq/sxq Jtapun Bxd aqq. Buxpxoq aaq.jB 
aaxpueq Bxd aqq. Aq ^passa^s,, paaapxsuoo sba Bxd y 

passaaqs 

qou uaqM BaudAqoBq. jo/puB Bauds Ap aaaAas = 9 

passajqs 

uaq* BaudAqoB} ao/pUB BaudsAp aaaAas = g 

passajqs 

qou uaqA BaudAqoBq ao/puB BaudsAp aq.Bjapom = * 

passajqs 

uaq* BaudAqoBq. jo/pub BaudsAp aq.Baapora = e 

passaaqs 

qou uaqi-i BaudAqoBq ao/puB BaudsAp pxxra = z 
passaaq.s uaq/* BaudAqoBq. ao/puB BaudsAp pxxm = x 
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•suoxqoas anssxq pxoqdmAx puB Bunx XT* uo ApoqxquB AjBuixad 
aqq ;toj SSI pa^n^x^sqns sxoxquoo x«oxraeqoo^sxqoununtti 

•uxxAxoqBmaq qq.XM pauxBq.s uaqq. aaai* suoxq.oas *saq.nuxut 
01-8 aoj (*VD 'awBBuxxJng '*oui saxjoq.BaoqBi: JoqoaA) 
apxaoxqooopAqBaq.aq auxpxzuaqouxurexp-,e'e qq-T* paq.Bqnoux 
uaqq 'sa^nuxra ofr Joj (yd 'oosxdubjj: ubs qq.nos 'saxaoq.BJoqBT: 
pamAz) uxpxABq.daaq.s paqBBnCuoo-asBpxxoaad qqxi* paq.Bajq 
pire SIH»L UTF* P^qsBM aaa* suoxqoas aqj, -saqnuxui 0E JOj (yd 
'BaaquxdLreo 'uoxqeaodaoo o^bci) ApoqxquB Buxxuxx asnora-xq.uB 
qBoB pa^BxAuxqoxq q^XM papooxj aaa* sapxxs aqq. 'umaas qBoB 
XBraaou %x 6uxuxBq.uoo qq.Bq SIHI aqxiuxm g quanbasqns b pup 
uoxqBqnoux ApoqxquB AaBTttXJd aaq.jv *aaqmeqo paxjxpxumq b 
ux Dofr q* sanoq 9T Jcoj pappe sba SHd/SItEL ux 000X:x paqnxxp 
(•Axun *}*qs Bqo^Ba qqnos 'PX^TJuag PT^a *aa moaj pauxB^qo 
'z.T-M0dS) PT^TJ sa:qxosB Apoqxqxre x*uoxoouora AaBraxjd -umaas 
q*o6 x^buou jo uoxq.nxos %S b qq.x* sa^nuxra qz xoj auop sbm 
fiux^poxq 'm** -lajjnq SIHJ, Jaq^ouB aa^jv -Oo^G q* saqnuxm 
Z jo j jajjnq siHi ux (*OM 'sxnoq -^s 'AuBdmoo x^oxuiaqo 
biuBxs 'MX asBaq,oa<j) aseaqoad %s(T0 qq>TA uoxqsaBxp uaqq> 
Pub 'qqsq SIHI, * Aq paAoxxoj sba sxqj, 'apxxoaad uaBoapAq 
%C jo saBuBqo aq.nuxra-0T aaoqq. Aq paAoraaa sba asBpxxojcad 
snouaBopug • sapxxs paqeoo auxsAx-1-Axod uo paqxmom Pub rarf 
e qB qno aaa/* suoxqoas 'aAoqB ia quawtxaadxa ux paqxaosap 
sb pauuojaad sba BuxuxBq.s x^T^qooqsxqoununtti 

: AaqsTmaqooqsTqouruirai 
•uxsoa pub uxxAxoqBmaq qqx/i pauxeqs 
puB mil 9 q.B qno aaaA suoxqoas *Jtossaooad anssxq paq.Buoq.nB 
ub ux s^ooxq uxjjBJBd oq. passaooad Axaux^noa pub sABp 
L-T Jtoj uxxBuiJcoj pajcajjnq-XBaq.nau %ox ux paxxj aaaM sanssxj, 
•uoxqBuxuiBxa ox6oxoq^Bdo^sxq aoj pubxB x^uaapB puB 'Aaupx^ 
'jaAXX 'snraAqq. 'apou qdmAx oxaa^uasain 'apou qdmAx obxxt 
axppxra 'apou qdmAx X^UT^s^TP 3 * 'XT suo ^ 'mnaxx 'SBaaouBd 
'qaBaq 'amxx^^©^ 'snxaxd pxojcoqo 'maqs uxBjq 'pubxB 
AaBq.xnq.xd ' snmBXBqq.odAq ' snmBXBqq 'ranaqa jao 4 saqsuxqanq 
Xbsbu 'saqox Bunx XX« moaj ua^B^ aaaj»\ suoxqoas 
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'Ida frl Ag -uoxqeaxdsaa x^uxraopqe paaoqex 'quaxsueaq. qnq 
'aq.eaapout paouapxAa sfixd axdnoo © puis 'aseasxp Aaoqeaxdsaa 
Pixui paq.eaqsuomap sdnoafi asaqq. ux sfixd aqq jo aaom 
'Ida OX-S mojcj -fiuxxpueq Aq passaaqs fiuxaq aaqje eaudAqoeq. 

pue eaudsAp pxxm peqcaqsuouiap sdnoafi asaqq jo qoea 
ux sfixd i*aj e 'Ida 3 Ag *Tefr2 HA pue snaxA pe^sAxai qqxM 
paqoajux sfixd jo sdnoafi aqq ux aexT^T 3 A6oxoqq.Bdoq.sxq 
pue smoqdmAs pue 'x^xuxra sew aseasxp Aaoqeaxdsaa 'xemaou 
pauxeuaa sfixd xo^uoo ^iq^i ux pazxaemums sx dnoafi 
qoea aoj aaoos aseasxp Aaoq.eaxdsaa x^T u TT^> ueam aqi, 

:aseasxa x^oxuxxo 

sqxnsaa 

•paxood Axa^xxraxs 

osx© st?f* omaas • dnoafi afiuaxx^qo qoea moaj apem a jaw 
sfixd aaaqq uioaj sanssxq antes aqq jo sxood aaaqq. os 'dnoafi 
qoea moaj paxsdoaoau aaaA sfixd auxu 'Ida OX VI *IdO 8Z pue 
'13 'frl '£ 's '£ 'Z 'T ^ paxood aaaA dnoafi afiuaxieqo qoea 
uioaj paxsdoaoau sfixd owq jo qoea uoaj sanssxq antes aqi 

:uoxqex°si snaxA 
• (uox^oas 

oxfioxoq.sxq aad sxi^o aAxq^xsod OOI qxxoqe ueqq. aaom) sxiao 
aAxq/csod jo aaqumu afiasx AxaAxq.Exea e = (fr) pue ' (uoxq.oas 
oxfioxoqsxq aad sxiao aAxqxsod 08-0fr qnoqe 'axdutexa 
aoj) sxiao aAX^xsod jo aaqmriu aqeaapout e = (e) ' (uoxq.oas 
oxfioxoqsxq aad sxiao aAxqxsod oz-OX qnoqe 'axdmexa 
aoj) sxiao paqeiosx ueqq quepunqe aaom qaA 'sxiao aAxqxsod 
jo aaqumu aox AxaAxqexaa & = (Z) ' (uoxqoas oxfioxoq.sxq 
aad sxiao aAxqxsod g-x qnoqe) sxiao fiuxuxeqs aAXq.xsod 
aaea ao paqj2xosx = (x) '(sxiao aAxqxsod ou) aAiq>efiau 
- (0) :aiBos fiupioxioj aqq oq fiuxpaoooe paqemxqsa ssm 
uafixq.ue jo vttioure aqi •sanssxq fixd xoaqxroo aqq jo Aup ux 
pat^oa^ap sbm 6uxuxiaq.s oh *sxoaq.uoo aAxq.efiau se paAaas osxe 
sfixd xoj^uoo paq.DajuxuQ *aAxq.xsod Axqxssod se paq.aadaaq.ux 
sanssxq aaqqo jo suoxqoas aaqqo uo auop sba ames aqi 
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em, -saqox oxq.Bm6fcaqdexp aqq. jo uoxrqaod x^xparaoaquaA 
aqq. ux puis saqox AJtossaooc pu« aippxra 'I^T 1112 - 10 ai H- 
ux Axa^BUxmopaad aaaA suoxsax aqj, -s6xd pafcuaneqa TZtZ HA 
aqq. aoj ^uaoaad z/6 pue sfcxd pafiuaneqo shjcxa p^sAiai jtoj 
q,uaoaad 8 '9 Ida OX ^ paxsdoaoau sfixd auxu aqq. aoj 6uni 

aq:* jo uox^Bpxiosuoo qxiaoaad peqj2iHTqsa u*am aqj; •dnoafi 
XZ*Z HA aqq. jloj ^uaojtad LZ-0 pue dno;i6 p^q-sAxaq; aqq. xoj 
uoxq.npxxosuoo q.uao:iad X£-0 wozj pa6irea saaoos i^tipxAxpui 
•dnoafi pabuan^qo TZ*Z HA ^oj Ida L 1* pu* dnoafi 
pa6uan*qo P^sAiaq; aqq. aoj Ida SX panned put? 'sdnoafc 
q^oq aog Ida S 1* paAaasqo q.saxj aaa/\ suoxsaq -q.ua:qxa 
puB adAq. ux jbxxuixs 3Jba dnoafi TC*2 HA pu* dnoaB p^sAxai 
aqq. ux suoxsax bum ♦dnoab qo*a ux sBxd aoj sbunx aqq. jo 
uoxq.cpxxosuoo qxtaoaad paq.Bntxq.sa aqq. sazxjreHiums 8 axqej, 

suoxsaq ssojd 
•aeAooaa Annj oq. dnoafi sxqq. ux s6xd 
aq^ jo Aq.xaotfcui aqq, aoj Ida T2 oq dn xooq, q.i 'BXxaaouB 
puB 'A6:reqq.ai 'sqeoo jtfii paqfinoa 'sxsomaqo papnxoux 
sufixs xeoxuxxo ^uaxsueaq. aaqq.0 'Ida wozj oxxaaou* 

pue oxfianqq-ax Axaq.«aapom aaaM An^aauab sfixd gszz HA 
aqj, -paAaasqo sbm buxqfinoo ou q.nq 'uoxq.paxdsaa iBuxmopqe 
pajcoq^x P UB eaudAqoeq. aaaAas Aq pazxaa^oeamp sc/* aseasxp 
Aao^axdsan # IdO L 1* 9/S*C 1* pa**ad aaoos aseasxp 
Aaoq-eaxdsaJ iboxuxxd u*ata aqq. pus 'poxaad Aep-g ^ ? Jcoj 
9 jo g 3:0 saaoos ssaaq.sxp Aao^eaxdsaa paAxaoaa dnoafi sxqq. 
ux sbxd aqq. jo amos 'passaaq.s uaq* eaudsAp pub uoxq.eaxdsa;t 
leuxuiopqe P^-xoq^x ^ pazxaaq.oe:reqo ascasxp Aaoq.Baxdsaa 
aq-HJapom paq.wq.suoraap dnoafc sxqq. ux s6xd aq^ 30 IT* 'Ida S 
Ag -passaaq.s uaaq buxAcq ^noqq^xA aseasxp Aaoq.wxdsaa pxxnt 
paq.eaq,suouiap dnoafi pafiuaxx^qo-gsce HA J IdO Z 

*paA3asqo qou sba buxqbnoo *6uxxpuBq Aq passaaq.s 
uaqw ux^s jo sxsoubAo Aqoq.ed pu^ 'buxdooap a^a '^Axq,ounCuoo 
pauappaz 'sxsoiaaqo papnxoux sdnoafi asaq^ ux sbxd 
naj b ux paq.ou ascasxp xboxuxxd q.uaxsu^a^ aaqqo •paaaAooaa 
p^q sdnoab TZPZ HA pue (AT) snaxA pnq.sAxaq aqq. ux s6xd 
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•aan^xaq. ux Aq.Bam puB pa6aBiua Axq,q6xxs osib suaaxds 
•azxs ibuuou aqq. sarcxq. g-e uaq.jo aaa* uoxbaa iBoiAaao aqq. 
ux pub Bq.aoB oxoB.ioqq> aqq. 6uoib sapou qdraAx ' AiiBUoiq,xppY 
•sdnoab aaqq>o aqq. ux paAaasqo asoqq. oq. aBixwxs 
AiiBaauafi aaaM dnoa£> sqzz HA ux suoxsax pxoqduiAT; 

•uoxq.Bpxxosuoo %z*frs sbm Ida OT 1* paxsdoaoau 
sfixd auxu aqq. jo aaoos ueara paq.Guxxq.sa aqj; *%T£ oq. 
%8Z moaj pa6ue.i Ida 0T-£ fiuni aqq, 30 uoxq.Bpxxosuoo quaoaad 
pa^Btax^sa *sABiup ux snd axqxsxA AxssoaB ou pus sxq.xanaxd 
ou sba aaaqi -pa^cpxxosuoo aaaM saqox ox:tBia£BjqdBxp 
Xexpaaioaq.ua a puB AaossaooB 'axppxm 'ibiubxd ai R J° 
suox^aod 6uxosaiBoo afxiBi ao saqox IBaq.uaAoxuBJto aax^ua aqq. 
aaqq.xa q.nq *A1 pub xefrZ HA q^T A paq.oa:jui s£xd oq. JtBixmxs 
sb/* uoxq.Bpxxosuoo 6unx jo uoiqnqia^sxp aq£ •uoxq.Bpxxosuoo 
6unx aaaAas aaora AiqBjapxsuop pBq dnoafe S8CZ HA W 

•sdnoafi xcfrZ HA Jto A1 ®tn> ux pdAJasqo 
aaan suoxsax ssoafi aaqqo on * sapou qdmAi asaqq. 30 qoea 
ux qsAo paxXTJ-PT n IJ too S-T »uo ^seax q>B sba uaq.jo aaaqj, 
•azxs ibuuou axaqq. samxq, OT~Z oq. pafijrexua aaam 'Ida 8Z~S 
utoaj puB 'aoxoo ux UBq. aaa/* sapou qduAx asaqii • sapou qdmAi 
obxxt axppxac puB iBUX^SBxpaw U x paAaasqo Axq.uaq.sxsuoo 

sb/* Aqq.BdouapBqdmAq *AT pub XEfrZ HA *noq q^xi* suoxsax 
Bunx UBqq. uoranoo aaora aaa/i suoxsax pxoqdraAx ssoao 
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l%00T-0) souni jo uoxq,Bpxiosuoo q.uaoaad paq.Bmxq.sa =8 aiqBj, 

•saapaoq q.ouxq.sxpux 'aBiiv6axix qq.x/* SBaJB 
P^I^om-UBq. 'XBoojxq.xnm Aq pa2xaaq.oBJBqo sbm uoxq.Bpxxosuoo 
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•Ida OT>e raoaj pa^sod sfixd ux PTP* pu« qua:*sisuooui sba 
puc Ida Z 1* paAaasqo qsaxg: sen sx^xpa«ooAui ptxh *Ida L 
oq. dn sfixd qsom ux quapxAa sen sxsaxodo^Bmaq AaeTinpaareaq.xa 
iraojxq.imff PIT 111 'sfixd pe^inooux A1 ^q} ui 

*Ida 6 3* sfixd * ux se^Ha^xxgpux 
a^inosBAxaad aqq. ux paAaasqo aaaa sixqdouxsoa jo saaqumu 
noi -^uapxAa q.ou sb#\ sxsoaqxj ao 'sxsoaoau 'uoxq^aauafiap 
lexpaeooAw -saaqxj aiosnm uaawq.aq paqxiqxa^sxp Aimopuisa ao 
sxasseA punojB aaxpvca Aiq.uaq.sxsuoo q.sora sba umxpaeooAm pue 
amxpa^oxda aqq. ux uoiq-etrareijui • saaqxj aCuxx^nd Buxatoaux 
ao punoae uaqjo 'umxpaeoopua aq:j. ux punoj Ax^ua^sxsuoo 
sba uox^eurareTjui •ox^Aooxq.9xqoqdmAi pue 'aCuxx^ndxaad 
pue a^Tnos^Axaad An^nsn 'iBOojitunm 'pixm sba sxqxpoBOoAm 
sqi *Ida 8Z-L «toaj paxsdoaoau sfixd 8T/9T ux uaas 
sbm pub 'idO L paAaasqo qsaxj sen sxq,xpaeooAH *sxoaq.uoo 
aqq. oq aeTT ra T s 'sxsaxodo^emaq AaBnnpaurea^xa xexpaeooAui 
jo aouapxAa p*q ost* sfixd paq.*inooux T£*Z HA 

• AtaAx^oadsaa ' Ida 

\Z puc gx %v paxsdoaoau sfixd zl\ ux paAaasqo ost* sm sxqj, 
• sxq.xpaBooAui oxq.Aooxq.sxqoqdraAi a^inosBAjaad iBOojxq.inm pixra 
peq sfixd xoa^uoo el Z 'Ida OT VI •ntseido^Ao oxxxqdoqduue 
4 u I? os pue xioaionu XT* 015 aidx^xnm 'uxq.euioaqo padranio 'asuap 
qqjA xaionu 6uxuxeq>s x<rep 'iBAO-punoa afiaei peq (xxx) 
pus 'suoaoxm oe-8 moaj azxs ux pafiuca (xx) 'snao 0€-0T 
jo sdotnio ux paAaasqo aaaA (x) snao oxqaxodot^maq asaqj, 
•ranxpaeooAut pue amxpaeoopua aqq. ux snao oxq.axodo^eisaq jo 
xooj a^aaosxp pa^nqxaqsxp AjmopuBa peq Aprils aqq. qnoqfinoaq^ 
sfixd x^aaAas *uoxqeuransijux iBxpaBooAra jo aouapxAa 
ou peq Ida 01 oq. dn paxsdoaoau sfixd xoaquoo rqfaeaH 

rsuoxsaq; oxaoosoaoxw 
•pxnu aqq. ux uxaqxj ao at^pnxa axqxsxA 
ou sm aaaqi *A^XAeo T^uxmopq* aqq. ux pxnu aetxraxs jo im 
Q0Z-OS P*q osib sfixd asaqq. jo amos -aonds i^xpaBoxaad aqq. 
ux pxuu aeaxo jo ira oe-OI qq-T** sq.a«aq papunoa pu« pafiaexua 
Aia-qeaapoin peq dnoafi HA sqq. «T sfixd i^aaAas 
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asaionuououi qq.™ Buxua^oxqq. I*q.das :sa£ueqo Aa*uixad aaaqq. 
Aq pazxaa^oea^qo s*i* exuoumaud 1ex3x3.saaq.ux I«oojxq.inut 
^qi *IdQ 8Z 1* paAiosaa Axa«au pus Ida OT }b saaAas q,som 
An^aauafi ' (SZ/8) aqeaapom ot* (gz/zx) PIT 01 'X*oojx:htuii aaa/\ 
'quasaad uaqw 'suoxsax am • suoxsax Bunx oxdoosoaoxm pi?q 
Ida L aaqje ao uo paxsdoaoau sBxd hy *s6xd aqq. jo gz/oz 
ux quasaad aaaM pire Ida Z paqoaqap qsaxj aaa* suoxsax 
6uni oxdoosoaoxm 'sBxd paqj2inooux xefrZ HA ^qi ui 

•saoeds o^ioaAT^ aqq ux 
sxxqdoaqnau pue saBeqdoaoeu jo aaqumu paseaaoux pxxm s pue 
Buxjjno oiqAooxqsxqoqdinAi a*xnos*Aiaad pu* aexoxqouoaqxaad 
Plim peq Bid auo 'Ida OT W •sixqdoaqxiau pu« 
' saBeqdoaoem ' saqAooqdioAi qqxM Buxua^oxqq. xeqdas i*oojxq.inm 
pixra peq Ida S 3-* paxsdoaoau Bxd auo *sBxd xoaquoo aqq 
jo qzlz ux pa/vaasqo aaa/t suoxsax Bunx pxxra AaaA :t>uni 

•qxiapxAa qou aaa/* sxsoaqxj 
pue sxsoaoau 'uoxqeaauaBap xexpaeooAjf *uoxq.BBtuiBijux 
aqq. qqii* uoxqsxooss* ux paAaasqo osi* aaa/\ snao 
oxqou^Ad aiqBxjx^uapxun pue sxxqdouxsoa jo saaqumu aassaq 
•suoxBaa x*xpa*oopua pue 'atux^aridxaad 1 aexnosfcAxaad 
aqq ux asuaqux q.soui aaaA qeqq. sa^ea:nxjux ox^Aoox^sxq pu* 
oxqAo*mseidoqdraAi 'asnjjxp-oq-xeoojxrunitt Aq pazxaaqoeaeqo 
aaaM saseo aaaAas aaom aqj, 'AxaAiqoadsaa 'Ida 8Z pue 'xz 
'ST jo qoea }e paxxT^ sBxd z/X ux pue Ida OT 3* P^TTTX sBxd 
6/Z ux paAaasqo sbm sx^xpacooAra aaaAas *s6xd paqexnooux 
S8GZ HA aq} jo IT* ux Ida OX 1* BuxuuxBaq paAaasqo 
shm sxqxpaeooAm oxqAooxqsxqoqdmAx I*ooji:nTini aq.eaapoj( 

•Ida 

8Z-0T tntoaj uoxqeraureijux jo spaac ux punoj aaaM sxxqdouxsoa 
pue snao ercseid jo saaqumu aa^aj *uoi}nqxaq,sxp ux taopuea 
ao aCux^andxaad ' aeinos^Axaad 'aieaapora-pixm qoxq* 
'sx^xpacooAui ox^Aoox^sxqoqdmAx P«l Ida 8Z-1 woaj paxsdoaoau 
sBxd pa^Bxnooux AT LT/£T 'TI^ ui -iaa 8Z Aq aaaAas 
ssax qonra sca sx^xpaeooAni aqj, -sxq.xpa*ooAut xeoojxq.XTWtt 
aq.eaapom peq Ida TZ puc gx 1* paxsdoaoau sBxd aqi 
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puB qxiauxmoad qsom sbm AqdoaqaadAq a^Aooumaud aqq. 
'safiuBqo aaoqq, asaqq. jo * (saoBds aBioaAiB ux sa6BqdoaoBu 
oxq.oaoau pub xbuliou jo uoxq.BinumooB puB 'BXSBidaadAq 
puB Aqdoaq.aadAq aq.Aooomaud z adAq 'snao aBaxonuouom 
qqxM Buxuaxoxq^ iBqdas) sabuBqo AaBmxad aaaqq. Aq 
pazxaaqoBaBqo osxb spa sabers hb q.B Bxuoumaud iBxqxq.saaq.ux 
aqji •Ida 82 pub XZ q>B Aqoq,Bd q.nq aq.Baapom nxq.s 
puB 'Ida OI-Z, uioaj asnjjxp puB aaaAas 'Ida S Aq x^oojxq-xnut 
puB aq.Baapom aureoaq suoxsax 'Ida 2 }B paAaasqo 

aaa/* suoxsax IBDOjxq.inra PXTM •Bxuoumaud iBxqxqsaaq.ux 
aaaAas-oq-aqBaapom pBq Ida S J^IJB jo uo paxsdoaoau 
puB HA t»XM pa^cxnooux sbm }Bqq. 6xd AaaAa 

•aqox 6unx XBptiBO aqq. moaj ua3{Bq 
suoxqoas ux uaas mopxas aaa* suoxsax fiunq *s6xd paqBinooux 
X£fr2 HA sqq> ux paAaasqo q.Bqq. UBqq> aaaAas ssax pub 
quaq.sxsuoo ssax sb*i Aqdoaq.aadAq pub BXSBidaadAq aqAooomaud 
Z adAi # saoBds aBioaAiB ux sxaqap oxq.oaoau pub sa6BqdoaoBm 
jo uoxiBiTuimooB puB 'fiuxjgno oxt^AooxqsxqoqdmAx -iBinosBAxaad 
Pub aBxoxqouoaqxaad 'snao aBaxonuouom qqjM fiuxua^oxqq 
XB^das Aq Axuxbux pazxaaq.oBaBqo sb/\ Bxuoumaud XBxq.xq.sjaq.ux 
am *Ida IZ pub gx q.B paxsdoaoau asoqq. jo q.soui ux puB 
Ida OT }B paxsdoaoau s6xd aqq. 30 i*aj b ux uads aaa*v suoxsax 
aaaAas q.soui aqi *poxaad Abp 82 aqq. vioqbnoaqq. paqstsaad 
PUB Ida Z }B paAaasqo q.sax£ aaa/\ suoxsai *s6xd AT sq} jo 
S2/X2 ux paAaasqo aaaM suoxsax 6unx oxdoosoaoxw -AqtaaAas 
puB 'adAq. 'uoxqxiqxa^sxp ux TZlrZ HA jo asoqq. oq. aBipaxs AaaA 
suoxsax 6unx oxdoosoaoxui pBq sfexd paqBinooux at aqi 

•aqox 6unx XBpnBo aqq moaj 
uaxBq suoxq.oas ux paAaasqo raopias aaa* suoxsax buwi 'Ida 
82 Aq paAiosaa Aiq.uaaBddB pBq q.nq Ida SI-OX q.B pauxmBxa 
sbxd q.som ux paAaasqo sbm Buxjjno ox^Aooxq.sxqoqduiAi 
aBxnosBAxaad pub aBioxqouoaqxaad aq.Baapom-oq.-pxxH *poxaad 
Abp- 8 2 aqq q.noq6noaqq. ^uasaad aaaa safiuBqo asaqj, -saoBds 
aBioaAXB ux sabBqdoaoBu ox^oaoau pub ictuou jo uoxqBinutnooB 
pub 'exsBxdaadAq pub AqdoaqaadAq aqAooumaud z adAq 'sxxao 
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•aoBjons aqq. oq. papuaqjca spuexfi snoonm xesooruaqns jo sq.onp 
aq} aaaq/i suox^eoox aqq. Jsau asua^ux q.sora sba uoxqeurareijux 
am • sxxqdo.iq.n3u pu* satoqdojtDBm 'snao ^las^xd 
' S3q.AooqdmAi jo saq.Mq.xx jut x«oojxq.iiutt P*re 'suxaA paq.sa6uoo 
pue paqjBixp 'emapa x^xxaqq-xdaqtis asnjjxp aq^japom s^a 
aaaqi *paAJasqo aaaji jnnxiaqq.xda jo saqoqed afi;rei exxxo 
jo ssox l^xqjred *° a^aidnroo pufc 'A^xaso xpsbu aqq. oq.ux 
fiuxqJDiiois Anuajtedde pue oxqou^Ad fiuxmooaq snao l*Tiaqq.xda 
X^xoxjaadns uanoAS jo aawsaeadde uauo^sqmoq.,, ao paqqaxq 
b 'emapa ;rexnii3oaa:*ux qq.XA exs^xdsAp x^xxaqq/rda *Id(3 
OX Aq aq.ejcapou qxiq Ida £ }i2 PIP* suoxsa^ 'sxq/cuxqj: 

p*q (SZ/iX) sfixd paq^xnooux TZVZ HA J° bjlou 

•uoxqsabuoo pue euapa ^qfexxs WF A 'uoxq^unrexjux 
aAxqeanddns puB ox:*Aooxq.sxqoqdiiiAi lexiaqqrdaqns 
ieoojx:qinitt pipa pue exxxo jo ssox q**T* *mnxi'aqq.xda 
aqq. jo GTSGidsAp Aqoq.ed Aq pazx:caq>oe:reqo s«j* sxq.xuxqa 
sqji *lda TZ-OX }e paAJtasqo 'sx^juxqa PXT ra P Bl l sfexd 
pa^cxnooux (sz/s) A1 pue xoaq.uoo aqq. jo (gz/s) aaqumu nox Y 
•sfixd jo sdnoafc p aqq, ux Aouanbaaj pub AqxaaAas ux pajrajjxp 
qxiq adAq. ux ;rexxmxs suoxsax aq.BUxq.in} ies*N 

♦s6xd 

pa^exnooux gs£Z HA aqq. jo qz/Z ux 'AxaAxq-oadsaa 'aAJtau 
pue Aaa},re xeuajpe aq} ux paAjasqo osx© aaa** sx^xanau 
pue sxq.xxnoseA ox^AoBmsBxdoqdraAq *snao Aaoq,Braireijux 
aqq. q,s£uonre paAaasqo osx* aaa* sxaqap oxq.oaqA.i;re3( pue snao 
ox}ou3[Ad ^xinpam aq} ux paAjasqo An^nsn sbm uox^eraurexjui 
•sxq.xxeua.jpe ox}Aooxq.sxq pun ox^AoBmsexdoqduiAi 
ieoojxq.xnui pxpn peq s6xd gz/e 's6xd paq.exnooux 
S8€Z HA aq} ui *s6xd pa}fcxnooux A1 « X£*Z HA 'XOJ}UOO 
aqq, jo Awe ux paAjasqo q.ou aaaw suoxsax pu*x6 x^«®^PY 
*s6xd xxv moaj pauxm^xa aaaA spu«x6 x^ttaapB q^og 

Aa^sxittaqoo^sxqounmfii 
*Ida 8Z Aq paAiosaj Ai^reau pu« 'ida OX Aq a^aapom 
'Ida S Aq pxxia sba fiuxjjno oxfeBqdojcoBmoqdraAx aex^os^Axaad 
pue a^xoxqouoaqxaad *uoxq.Bxnooux S8CZ HA jo ox^sxaaq-OMcqo 
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•uxBaq aqq. oq. saajaa uuag., pub 'aupsa^ui xiBtus °1 saajaa 
nIS« 'uaaxds aq:j. oq. saajaa «uxds« 'sxxsuoq* oq, saajaa iiSUox m 
'maias oq. saajaa tt aas,i '^Baq aqq. oq, saajaa 'sapou 
qduiAt saajaa ..tn,, 'sfiunx oq. saajaa «6ru aaaq* '£1 axqBj, 
ut pazxaBmums si sanssxq. snoxaBA uoaj uox^btosx snaxA 

uox^biosx snaxA 

•paq.saq. aaa* q.Bqq, sanssxq, aqq> jo araos ux uabxq.UB jo ^unoure 
paq.Buixq.se aqq, sazxaeurams ZT aiqBj, # s6xd ioaq.uoo aqq* ux 
paq.oa^ap sbm uafix^UB on *sdnoa6 afiuatiBqo 3° tpea aoj 

pa^oaq.ap spa ua6x:quB ASHHd qoxxjM ux sanssxq. q>uaaajjxp 30 
aaqumu aqq. aaBdraoo pun azxaBurams XI pue 'oi '6 saiqBi 

-poxaad Abp 8Z aq^ ^noqfinoaqq. pa^sxsaad 
uoxsax aqq, ^cqq. q.daoxa 'dnoa6 £Z6e-QSI aqq. ux paAaasqo 
q.Bqq. oq. aBixraxs sx^xuxqa pBq 'Ida Z. aa^jB ao uo paxsdoaoau 
sbxd LI TT* P«b 'sfixd gz/oe jo iB^oq. v -sfixd pa^Binooux 
9Q£Z HA aqq. ux Ida S *e paAaasqo isaxj sba sx^xuxqn 

•Ida 82 Aq paAiosaa aaaw pub 'pixm 
auiooaq pBq suoxsax aqq. 'Ida IZ Ag *S}onp snoonm 6uotb 
puB umxxaq^xda aoBjans oxq.sBidsAp ux paAaasqo Aiq.uanbaaj 
aaan 'sixqdoa^nau jo AiIBXoadsa 'sxso^Aooxa ox^Aooxnai 
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ux aq Aeui stuta aqq. jo uox^BOXidaa xenuxquoo P UB T*TTF U T 
'AiIBSBuoao paq.oajux a:re sfixd uaqA rqeqq. sq.sa66ns (zx 
©iq^Ji) aurtq aaAO uoxvxqxaqsxp ua£xq.ue jo uaaqqed aqx 

*X£*Z HA pui? AT oq, pajedmoo 
squnoure aaqeaafi ux pu« sanssxq aaotn ux pa^oaq.ap 
uaBxqu? ASHHd ptre 'quaxnaxA 3aom Axq?aapxsuoo scm aq,eiosx 
S8EZ HA uxeaq,s baoi aqi *Bxaaq.xao asaqq. ux anxxiaxs a jam 
snaxA pe^sAxan aouaxnaxA aox ©qq pue XEfrZ HA aqexosx utbj^s 
e/*oi aouaxnaxA aox aqji # sanssxq. paqoaxas ux uafixque ASHHd 
jo qunoure aqq. ux saouaaajgxp pus 'uoxqnqxaq.sxp uabxq.ue 
ASHHd ux saouaaajjxp 'saqsxosx ASHHd uaa/*qaq Aqxoxuaboqq^d 
ux saouaaajjxp saq.?jqsuomap Ax^eaxo q.uamx;iadxa sxqj, 

UOXSSTIOSXQ 

•sfixd 

loaquoo ux paq.oaq.ap sba Apoqxqxre mias ASHHd on *OZC:X< 
aaaA 6 I L pu* iaa OX Aq aAxqxsod aaa* 6/6 'aaAaAoq 'S8CZ HA 
qqxM •snatA Al ^qq q^xw uaas sxaAax asoqq oq. xexxmxs aaaM 
saaq,xq> Apoqxque ie*z HA ^U*L •uoonnoo qsom aaaM 02X9 ^X JO 
08ZX:x jo saaqxq 'Ida XZ Ag *oec:x< aaa*i 9/S pu« aAxq.xsod 
aaan sfixd XT^ 'Ida SI Ag # (08Zi:i aaaA q^oq) oz:i< 
saaq.xq. p*q s6xd oi/2 Axuo '083X:X oq. OZ^X moaj fiuxftuea 
SJtaqx^ qqxM aAxq.xsodoaas easw paxsdoaoau s£xd aqq jo 6/9 
'Ida 01 Ag *ida L qbnoaqq oz:T> paux^iaaa pue afiuan^qoaad 
aAxq,«6au aaaM suita AT qq^T A pa6uanpqo s6xd XIV 

AEoxoaas 
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^Tq^i ux pazxaeurams sx sraasj paqoaxas aqq. moagp uoxq^maojux 
X^otujxo aqj, *3i*a;iqqno aseasxp quaajno aqq jo AqxaaAas pue 
'paAaasqo s&pi aseasxp iBxq.xux aouxs araxq. 'sfixd paseasxp jo 
abe 'axAq.s uoxq.onpoad 'azxs ux paaajjxp spaaq paqoaxas auxu 
aqj, *q.ou pxp auos pue 'aanxx^j aAxqonpoadaa quaaanouoo 
psq spaaq aqq jo auos •abe jo sxaew 91-1 raoaj sbxd 
ux aseasxp Ajcoq.eaxdsaa jo sxsoubexp oxboxoxqa jloj paqq.xTaqns 
aaa* saseo XTY *E66T-T66T moaj poxaad ;reaA-e ^ aaAO 
spaaq X9 tdojj paAxaoaa ajaw sanssxq. qsaaj jlo sbxd aAXi 

:saq.Bxosx ASHHd jo aoanos 
spoqq.au pue sxeyaaqew 
•soxqsxaaq.o©jreqo aouaxnaxA snaxA oq. anp aq Asm saouajtajjxp 
asaqq jx auxnuaqap An^oxgxoads oq. puB 'AqxaaAas aseasxp 
buxaajjxp qq.XM spaaq moaj saq.eiosx ASHHd jo aouaxnjXA 
aqq. aaedmoo Aneoxq.sxq.eq.s °1 T^pora aqq. sasn quauxaadxa 
sxqq. 30 (g) qa*d -as^asxp paonpux-ASHHd jo asjcnoo aqq. 
q:*xi* paqexoosse suoxsax oxdoosoaoxm pm? ssozt azxjaq.oe;reqo 
oq. puB (pxo s^aaM g q.noq^ '*b-a) s:qaxbxd ux as^asxp 
oxtaeqsAs pue Aaoqeaxdsaa paonpux-ASHHd Apnqs oq. xapoin 
qua^sxsuoo e seqejrqsuomap qxiamxaadxa sxqq jo (v) %**d 

laaow Did aoaD 0*10 xaaM 5 v ni sa^vnosi 

ASHHd -STl 3NIN dO AJLIOINaDOHiYd 3AIiIVH¥dW0D 

nix xNaHinadxa 

•uaaxds pue snuiAqq. 

'ixsuoq 'sapou qdmAx 'bunx ux snao ^TT-o"RT Jt P l * a P P^e 
sabeqdoaoem aqq. uiqqx/\ Axxjreuixad paq.oaq.ep sx uabxq.uv 

"Ida uioaj Aneaauab sanssxq. pxoqduiAi ux q.uasaad 

sx uafixquv -sA^p 82 oq. dn aoj aaaqq. sq.sxs.iad qxiq 'Ida Z.-Q 
Aq sspsad puc zd sanoq fre Aq bunx ^q^ ux pa^oaq.ap sx uabxq.ue 
jo q,unoute ni?ms v *Id sanoq Aq exuiajxA quanbasqns q^xw 
'sanssxq. pxoqdraAx qoeaq Aaoq^axdsaa aaddn pue XT suo ^ BV L1 
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aaa* dnoafi qoea tuoaj sbxd omj; *}uaraq.eaaq. ou jco 'expaui 
pire aanq.ino XT^a pa^oajuxun jo uot^bitioout x*s*ireaq.ux 
'([98CZ HA] 2T-QSI a^xosx pax jxand-anbexdun '*86-nsi 
XZlrZ HA '[ZZ-nsi] 6ZfrZ HA 'S8ee HA sa}«xosx ASHHd paxjxand 
-anb^Td mo.ij pa^oaxas) a^BTosx ASHHd * jo 0S aiOJ, ^ S 0X 
jo uox^exnooux x^seirea^ux jo pa^sxsuoo ^.uarcieajq. aqi *ST 
3Tcp2J. ux imoqs sqjiauiq^aa^ uaAas jo auo pau£xsse Axraopucjc 
aaa/* smooa aqx *qoea sfixd *x jo smooa l oqxix papxAxp 
AxuiopuHa aaa* sfixd dOCIO pxo-^aa*-* ^q6xa-A^auxn 

riapooi oxd QOQD : (yJ }i*d 
•smooa pa^etTV^A-aaMod ^TT^npxAxpux 'paaooxj-aq^aaouoo 
}aaj ZT x }aaj ox ux pasnoq aaaj* sfixa '^uamxaadxa 
aqq. jo uoxq^anp aqq. aoj uoxq.Ba paseq i^am ireaqAos 
-ujoo uxa^oad %8T a6e^s puooas s o^ paqo^XAS aaa/* uaq^ 
'sA*p a ^oj uxa^oad *uts*x<i P*Txp-tejids 6uxuxcq.uoo aa^;req.s 
6xd uxa^oad %zz X^xoiammz* * paj Axx*T^T u T sfixd (aoao) 

paAXJdap-urcux3.soxoo^paAXJtap~ireaj?sa?o pio-^aeA-ano^ 

:sDxa x^uaiaxaaaxa 
•eAoqc (y) (I) uoxq.oas 
'I ^uamxaadxa ux paqxaosap aanpaooad aq^ q^XM aouepaoooe 
ux samp e paxjxand anb*x<* woa saq.Bxosx ASHHd 

uox^eaedaad cxnooui 

Vio-XTY-ux-XTY - OYIY 
aoxj snonuxq.uoo = dD 
bxd ^apaaj-oq.-Aoxrej « dSd-i 
qsxuxj-o^-Aoajrej = uxj-j 



* dsaj pixui 
*dssj PIT m 

dsaa aaoA98 

SHHd 

SHHd 3«A9S 
SHHd 


S3(99M - 1 
S3[99M 9-e 
S3{99M 9-e 
33(39* 8-1 
S^(33M 8-C 
S3(99M 8-C 

TW 

TIY 

TIY 


OYIY/UTd-i 
dO/UTd-J 

OYIY/dHd-d 
dD/UTd-d 

OYIY/dHd-d 
dD/dHd-d 
dD/UTj-j 

OYIY/UTj-jj 


SMOS 09 
SMOS OSX 
SMOS 009 
SMOS 00X 

smos 006 
smos 009 

SMOS OSX 
SMOS 0 
SMOS 08X 


TCfrZ HA 
OEfrS HA 

6ZVZ HA 
BZ*Z HA 
fr68X-flSl 

sz-nsi 

6L-CXSI 
SQZZ HA 


50 sdAx 


9SC9ST0 

10 bBm 


9TA3S 
uoT^onpoa<j 


azxs p«H 





sstTJoJd paan ASHHd : frT sTqej. 
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s^uamq.eaj.i * }ueat}saaq. * paufixssc Axutopuea sba mooa 
qo^a -s6xd gx qq.XM qo«a 'suooa uaAas o^ux papxAxp Axmopuca 
aaa/* s6xd aoaD poaqssoao pxo-xa^-fr gox '^uaraxaadxa sxtn, 
ui "Ida OT 1* paxsdoaoau sJ&xd jo aaqumu jrafiaex e atoagp sq.ep 
aaedmoo pue ;oanoo oq. paufixsap (g) }Jred *saqjr[osx 

ASH&d S jo jloj Ida OT }e easAas ^sota aaaw suoxsax 
Bunx ssoafi isq^ paqsxxqe^sa (y) }:red nojcj s:nnsaH 

:Aq.xoxueDoqq.Bd aAX^andwoo : (g) q.a^d 
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S8C2 HA 
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QZ 
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xz 
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01 
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Ida 
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uintnooui 



ufixsaa x^uamxaadxa (y) u*d :st ©iqej, 

*8£ pub xz 'VT ' L '0 Ida pepaooea aaaA 



s^qfexaM # aaoos Aao^BJxdsaa xeoxuxxo aq} uo q.oBdmx ou peq 
suox^HAaasqo i*oxuxxo TWox^xppY *paAJtasqo s* Axaq.x?;redas 
pa^ou aaa/\ (Afijreq:*ai ao aouaqaddeux 'eaqjaBxp 'Buxqfinoo 
V-6-a) suoxiPAjasqo xeoxuxxo }U*Aaiaj: Jaq^O -spuooas 
09-0 e Aiaq-sraxxoadde aoj ajnvqeaadma} x*q.oaa aq^ fiux^q. 
pue uus aaq/sxq aapun 6xd aq} 6uxpxoq uaq* aaxpueq 6xd 
aqq. Aq ..passa^s,, paaapxsuoo sba :*ai6xd Y *IIX viamxaadxa 
ux pa^xoaa ax^os ssaa^sxp Aao^eaxdsaa aqq. qq.XA aouepaoooe 
ux '9-0 taoaj afiu^j saaoos Ida qfinoaqq. z- Ida 

uioaj uaAXfe sbm aaoos aseasxp Aaoq.eaxdsaa: xeoxuxxo V # t>I+ 
Ida q6noqq> z- Ida uoag Axxep papaooaa aaaw saan^eaadraa:* 
XB^oan # 9C pue 83 Ida dnoab qoea raoag: paxsdoaoau 
aaan sbxd £ pin? '13 pue oz ' L '£ Ida ^b paxsdoaoau 
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•AxJ&uxpaoooe paqou aaeA suoxsax aaqq,o 
•aqox q.*qq. Aq pa^uasaadaa fiunx eaxq.ua jo aumiOA aq.Binxxoj:ddB 
ain q>oaxjaa oq. aaqomu e paufixss? sen aqox Bunt qoea qoxq/i 
ux 'aAoqe nx q.uarax;tadxa ux paqxaosap uta^sAs feuxaoos aq:q uo 
pes^q pa^xnoxHo sba Bxd qoea jo 6uni eqq. jo uoxq.Bpxiosuoo 
q.uenaad paq.entxq.sa uv •peuxraexa aaa/\ smaq.sAs ucfiJto 
XTY *s6xd hb uo peuLXOjaad aaa/i saxsdojtoau aq.axdmo 

:ADOXoqq.*a ssoag 
•((a) }«d) snao (9E dSd) 
XZ.XTT 1H0 6uxsn sxood 6jd-OAq. ux Axa:*e:redes sfixd XT* lo 
umaas uojj pue 6unx uioaj paqdmaq.:*!? osxe sba uoxq,exosx snaxA 
*((Y) ia<2d) Ida 82 PUB TZ 'OT '£ P^TTT* s6 T<* TT* 
jo sa^Buafiomoq 6unx rcoaj paq.dmaq.q.e sba uoxqjaxosx siuzxa 

:uoxq.exosi snaxA 
•Apoqx^uB unuxas ASHHd jo aouasaad 
aqq. joj (\r) q.JBd jo aanpaooad Ydl ^ paq^saq. pue 
Ida 82 PUB 91 'OX 'E '0 paxq aaai* s6xd : is) ^a«d 
•<(Z66X) ££X-£2i:fr '-rjseAUi •trJ&sxa *qeA T) X* ^ PX^TJuag 
Aq peqxaosap sb (Ydl) anbxuqoaq. Apoqx^ue qxiaosaaoni jounmrax 
aqq. Aq paq.oaq.ap sva Apoqxque umias ASHHd jo aouasaad 
3qi *IdQ 82 pub ox '0 1* P»X«l aaaA s6xd :Tv7~q3Sd 

:ABoxooas 
• aAoqe 

(Y) q.J*d ux sp papaooaa aaaA sufixs iboxuiid aaqq.o pue 
saaoos aseasxp Aaoq.wxdsaa xeoxuxx;> 'Ida 82 pue 0T '0 V* 
papaooaa aaa/% sq.qfixai* pus 'Ida 01+ oq, Ida 2- moaj papaooaa 
aaaA sajnq.eaadueq. xeq.oaH *IdO 82 3* paxsdoaoau aaa/i 
dnoj6 qoea raoaj sfixd g pue 'Ida 01 q>© paxsdoaoau aaaM dnoaB 
qoca mojj s6xd uajQ -expaui pue aarrqino nao paq.oajuxun 9£ 
-dSd JO (98C2 HA ao 82-flSI 'tr68I-flSI '[SS-QSlJ 0Cfr2 HA '6L 
-flSI '[XS-QSI] 82*2 HA) sa^xosx ASHdd paxjxand-anb©x<i xxs 
jo auo jo 0S aiDi s * g0 1 qqx» afeuaxx^qo XBseuBaq.ux jo paq.sxsuoo 
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•paq.OU 3Jt3A 

subxs xboxuxxo aaqqo on *IdO VT-9 ox6ai3qq,ai P U1S P^J 
j jo aaa* sfixd aqi 'Ida GT-i uo o*9/0'E ueqq. aaq.i?aa6 saaoos 
Aaoqj2axdsaa paoripoad ez^Z HA *sfixd paq.Binooux-ex-nsi 
ux ueqq, uox^eanp aaBuox e aoj pire Ax^pxnb aaom paaanooo 
9SG9STp Aaoqeaxdsaa aaaAas qnq ' (Ida S) aseasxp Aaoq.eaxdsaa 
jo q.asuo aaq.*x « P«i sfixd pa6uanmio-6ZfrZ HA 

# Idd Z. Pub 9 uo sfixd 
oAvq. ux paq.ou sba emapa pixaAg *Ida frT aaqj* XT^ un Aq.XAx:vo« 
pue paaj unj oq. uanqaa q.ou pip pire 'Ida S oxxaaoue aaa/\ 
'Ida e Aq oxfiaeqqax aureoaq s6xd aqj, *6uxq6noo ou sbm aaaqj, 
'eaudAqoeq. pu« suoxq.eaxdsaa x^UTiaopq* paq.enqxraooe pue 
paaoq^x Aq pazxaaqoeaeqo sba aseasxp Aaoqsaxdsan 'Ida frl 
qJinoaqq. panuxq.uoo suoxsax pue sraoqdtoAs pue 'Ida £ uo paq.ou 
sba aseasxp Aaoqeaxdsaa jo q.asuo aqji • (9T axqpj,) Ida 6-L 
uo o # 9/S # 3 aAoqe saaoos qq.x/* 'aseasxp Aaoqeaxdsaa xeoxuxxo 
aaaAas q.soat aqq. paq,?aq.suouap sfixd pafiuaneqo 99 ZZ HA 

:xapom oxd aoao * tY) ^J«d - aseasxp x^oxuxxd 
sq/frisaH 

* (6T axq^tL aas) aaaAas AaaA = (++++) 
pue 'aaaAas = (+++) 'aq.eaapoin = (++) 'pixra = (+) 'i^uiaou 
= (-) rax^os feuxAOXXOJ &m tRT A aouepaoooe ux papeafi 
aaaM sanssxq. xeaaAas ux suoxsaq *uxsoa pue uxiAxoq.eraaq 
qqxw pauxeq.s pun ml 9 qe q.no aaa/\ suoxqoas # aossaooad 
anssxq. paqeuio:qnB ub ux s^ooxq uxjjeaed oq. passaooad 
Axaux^noa pue sAep /.-i aoj uxiBiaaoj paaajjnq i*aq.nau 
%0X ux paxxj sanssxj, -uox^euxurexa oxfioioqq,*do:qsxq 

aoj puex6 xeuaap* pu* 'Aaupx5( 'aaAXx 'sruoAqq. 'apou qdntAx 
oxaaq.uasam 'apou qduiAx oexiT ^PPI* '^pou qdmAx imixq.sBxpaui 
'ixsuoq 'nmaxT 'sBaaoucd 'qaeaq 'rnnxx^Q©^^ 'snxaxd pxoaoqo 
'raaq.s uxwq 'puexb Aaeq.xnq.xd ' snraBX^q^odAq 'snuiBX^qq 
'umaqaaao 'saqeuxqanq. xbsbu moaj sh XT^ A sb 'aAoqe 
paqxaosap saqox 6unx TI* raoaj ua^tsq. aaaM suoxqoas 

:Aboxoqq«d oxaoosoaoxw 
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•poxaad amxq. ^exj^ xbao oxxaaou* 
Aipxitu P U1B oxfiaeq^ax Axa^ejapom osx© aaa/* sfixd asaqi, 
• (Ida 83-fr) uoxt^anp fiuox jo eaudsAp ptre eaudAqoe} a^cxapom 
paonpux zT-nSI *Idd ST oq. Ida moaj *xxaaouF pub AJxreqqax 
Aq paxtredmooo© 'Aouanbaaj paseaaoux jo suox^^axdsaa 
paaoq^x *WT* as^asxp AjoqeaxdsaJt aaaAes paonpux 6Z.-ASI 
*IdO Z.-fr moaj oxxaaou* pu* oxfiaeq^ax Axq-uaxsuija^ osx© aaa*i 
sfexd pa}einooux~fr68T-flSI 'Ida OT Aq paaaAOoaa An^jauafi 
aaa/% sJrcd aqq, pue 'uoxqeanp q.aoqs jo aseasxp Ajtoqwidsaa 
a^naapom paonpoad *68T-nsi 'Ida 8-S }Y 'Ida 9-fr mo.ij 
exxaaou© pu* A6:reqq,ai xia*i sb 'Ida 01- V taoaj caudAqoeq 
puB eaudsAp pxxra paonpux 0£fr2 HA *IdO 01 qfinojqq i^uraou 
aeau paaeadde sfixd aqq pue asnasxp Aaoqeaxdsaa pxxm AaaA 
paonpojcd QZVZ HA *LT axqei ux pazxaetffums aae saanqeaadmaq 
X^oaj pue saaoos aseasxp Aaoq,eaxdsaj i^oxuxxd 
:A}xoxuai)oqq.ed aAX^eaeauioo * ^aj q;red - aseasxp ibotuix:> 
*^uaurraadxa aqq. qnoqfinoaqq x^vaou Aneoxuxxo pauxismaa 
s6xd xoa^uoo aqi -aseasxp Ajoq.Baxdsaj xboxuxto aaaAas 
^soth jo poxaad aqq. qq.XA papxouxoo sxqi 'Ida 01 aaqjB XT^™ 
dofrOT aAoqie pauxemaa pub 'Ida L Aq sdnoafi pa&uan^qo XT^ 
jo j dofrOX u^qq. aa^aafi aaa/* saanqeaadraaq x^qoaa u^aw 
'Ida 8-£ uo paAaasqo aaa/i exxaaoue pue Afeacq^aq *ida frl 
Aq x^uliou Axaqaxdmoo aaan pws Ida 01 Aq aaq^aq Axqeaapxsuoo 
paaeadd* sfixd aqi 'Ida 8-Z. 1* s£id amos ux 0'9/S*2 
pub z uaaw^aq saaoos aseasxp xeoiuiio Ajtoqejxdsajc aaaAas 
qsom aqq. qq.TA Ida S 1* paxxnooo q.asuo aseasxa -aseasxp 
Aaoq.eaxdsaa piim paonpojd s6xd pafiuaneqo-TCfrZ HA 

•ux5(s jo uoxqeaoxoosxp 
luaxsueaq axdj:nd^Aqoq.oxq pue 'sraapa pxxaAa 'ABaeqqax 
papnxoux sufixs iboxuxio aaq^o *IdO frt-IT uo o*9/s 
-fr jo saaoos Maj b q^XM 0*9/0 *E ueqq aa^eaafi pue 'Ida 0T-L 
moaj aseasxp Aaoqeaxdsaa aoj o # 9/s*Z-Z paaoos aaaM sfixd aqj, 
*Id0 V I* 6uxq,aBq.s q.asuo x^P^B q^XM aseasxp Aaoq.Baxdsaj 
aaaAas-oq.-.aq.BJcapora paonpoad s6xd pa6uaxx^^-fr86-nsi 
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*aoue:readde paiq^oui-ueq. e saqoi paq.oajje 
aq^ 6uxax6 'saapaoq q.oux:vsxpux pue :rexn6axjx peq pue aqox 
qoea ux uxqq.XA x«oojx:vcniii aaa/* seajns asaq& • pa}©o;reinap 
IiaM q.ou aaaw seeae paqepxxosuoo aqji 'saqox xeptuso ai W 
jo uoxtj-Jtod x^xpamoaqjiaA P UB 'AaossaooB 'aippim 'JoxaaqAre 
aqq. ux Axxjreinxjid aaa/\ saqox bunx pa^oajjB aqji 
•dnojtfi x°^ uo ° ^) U T aijr R <* U1? ^ B paAJtasqo aaa* suoxsax 
6unx ssoab on *lda 9C dnoafi Au* ux paux^iuaa suoxsax 
axq^q-oaqap Axssoab om 'Ida 2Z 1* (6ZfrZ HA) %TI oq. (S8£Z HA 
'XEfrZ HA) %0 pue 'Ida TZ %C # Z.C oq. (XEfrZ HA) %0 'Ida 01 
^ (98CZ HA) %Q'LL oq. (l£*Z HA) %S*0I 'Ida L 1* (98GZ HA) 
%E*9S (XCfrZ HA) %0Z 'Ida C q*? (98C2 HA) %6Z oq. (fr86-flSl) 

%C - Z. moaj pafeud uoxqjspyxosuoo jo aaabap aqj, # 9T aiq^i 
ux pazx;reurams a;re s:nnsaa •uoiq.epxxosuoo 6unx q.uaoaad 
paq^rax^sa pue paaoos aaa/i suoxsax bunx ssojd 

:xapom bxd aoaD * IV) ^J^d - suoxsax ssoao 
'Ida 01 qbnoaqq x^buou paux^maa 
sioaqxioo •uoxq.^anp Aep-s b Axuo pue (Ida L q.asuo aaq.^1 
peq qnq '6Z.-nsi oq. -rexpiiTS aseasxp Aaoqjsaxdsaa aaaAas 
paonpoad 8Z-QSI *buxxpu*q Aq passaxqs uaqj* ux^(s aqq. jo 
uox^cjoioosxp axdjnd-auxq '^uaxsuwq. paqxqxqxa Ax^uanbaaj 
(8Z-QSI '6Z.-HSI 'ZT-QSI) sdnoab aaaqi ux sbxa 
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(923ina)i33HS3iniiisans 



qiXM patiHinooux sBxci n 50 6 ukxtj ' 32ZZ HA tRT M pa^exnooux 
s6xd 11 XT 12 J° sBunx aqq. uiojrg pajiaAOoaa seav ASHHd 

riapoui toxd aoao r Wl a^^d - uox^exosi snaxA 
*s6xd pa^Einooux sqzz HA ^q^ ux Axuo paAaasqo 
se« sx^xpaeooAw *sixao JtBaxonuououi Aq 5uxua3[oxq:i x^das 
q^xM nxuoumaud i^x^x^sjca^ux pixw Axuo paonpux zz^Z HA 
•a^npnxa JCBXoeAiH paxxui 50 uox^BxnmnooB (xxx) puc 'snao 
aeaxonuououi ^^T M Buxua^oxq^ xe^dos (it) 'uoxaeaajxxojrd 
a:*Aoouiriaud n adA:} (x) :Aq pazxjca^oeaEqD 'exuoumaud 
lex^x^sjtariux aaaAas-a^eJtapoui paonpo:td Aaqx 'suoxsax 
Bunx oxdoosoaoxui jeexxuixs paonpux xi^ ^86-flSI pue qz^Z 
HA '32ZZ HA 'S8E2 HA *6T ^X^J. U T UMoqs aae sqxnsay 

:iapoui £>xa aoaD Tvl l^Hd - suoxsax oiaoasojaiw 
*81 ^X^X ut u/Aoqs puis 'uox^epxxosuoo 

6unx ^uao^ad Aq pai^uix^sa aaaM suoxsax 6unx ssojco 

: A^xoxuaBoq^ed OAX^^a^duioo ' (a) ^Jt^a - suoxsax ssojiq 



t-060I/S6Sfl/13<I 



-I/6ZT- 



61990/96 OA1 



AaaA-o}-aq.BJtapom 'fiuxuaspxqq. i^x^T^saa^ux aaaAas 
AaaA-oq.-a}*:rapom 'sxsexdaadAq pue Aqdoaq.aadAq 

at^Aooumeud n adAq. aaaAas AaaA-oq-aq.Baapom (q) 
!%0* qsnax 'Axqeaajaad ptre '%oe }s*ax 
jo Ida OT }e uox^pxTosuoo fiunx ssoafi ueau e (e) 

:6ux/*oxxoj 

aqq, jo aaoiff ao auo ux s^xnsaa %x jx adAq.ouaqd u aouaxnJXA 
qfixq M e aq 04 paaapxsuoo aq Asm a^exosx ASHHd Y 

A1 '*68X-QSI 

'OCfrZ HA ' (xg-flSl) 8ZfrZ HA 'XCfrZ HA :aou9THJTA noj 
6£-flSI 'fr86-flSI '8Z-QSI 
'(ZZ-flSl) 6ZfrZ HA '98CZ HA 'S8CZ HA :aouaxnaxA qfixq 

ismoxxoj 

sdnojfi aouaxnjXA mox pub qfixq oqxix padnoab aq pxnoo 
sa^xosx aq^ 'aA<xpe rx ^uamxaadxg ux pup uxaaaq s^xnsaa aqq 
uo paseg *8X ^iq^Ji ux paqaodaa e:j.ep A^xoxuafioqq.edoumaud 
aqtj. ux paAaasqo aaaA (go* > d) saouaaaj^xp qireoxjxufixs 
*as?asxp oxmaqsAs pire Aaoqwrdsaa paonpux-ASHHd aacdutoo 
pue Apn^s oq. x*Pom ^uaxiaoxa u* apxAoad ASHHd jo os ai3i . S 0T 
qqx/* Axx^sinreaqux paqexnooux sfixd aoao pxo-^aa^-g aqi 

uoxssnosxa 

♦Apoqx^ire ASHHd axqeq.oaqap 
aA*q qou pxp sfixd xoaquoo *ida 01 Aq ^9 < jo saa^xq 
Apoqxqu* ASHHd pmi sfixd paq^xnooux -ASHHd at» jo XTV 

:A}xoxuaDoq:|j2a aAX^jredmoo 9 (a J qa*d - Aboxoaas 
•Ida 8Z Aq 09gz < jo saaqx} pieq sfixd pa^xnooux 
-ASHHd jo qsow -Apoqxque ASHHd axqe^oa^ap ppq sfixd 

Xoaquoo aqq jo auoN 'Ida 01 Aq 0W < jo aa^xq. Apoqxqire 
ASHHd axq^oa^ap peq sfixd paq^xnooux ASHHd eqq. jo XTY 

rxapow oxd aoao 9 (vJ ***d - Aboxoaas 
# Ida 8Z oq dn sfixd xoaq.uoo paqjsxtioouxun 
XT jo 0 raojj ptre 'sxojcquoo a-rnqxTio XT^o *»T A paq.Bxnooux 
sfixd XX jo 0 utoaj 'XEfrZ HA ilTF* paq^xnooux sfixd XX jo 
6 uioaj 'fr86-flSI qqx/\ paq.Bxnooux sfixd xx jo 9 utoaj 'gsez HA 
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•uxaaaq paqxaosap AiiBoxjxoads sv ireq} asxi-naq^o paox^DBad 
aq Aem uox^uaAUX aqq. 'sorreio papuadd* aq:* jo adoos 
aq:* uxq^XA q.cqq. poo^saapun aq oq. ajogaaaqq, sx }i •sbuxqoea:* 
aAoqe aqq. jo }q6xi ux axqxssod a;re uoxquaAUX qxiasaad aqq. 
jo suox^xa^A pus suoxq.*oxjxpom snoaaranu 'AisnoxAqo 
•adA^ouaqd 4l aouainaxA moi m © pajapxsuoo aq Aera qx 'exjaq.xao 
aAoqp aqq> jo A\vs q.aam q.ou saop aqeiosx uts aaaqM 
*IdQ 12-01 moaj amxq. ux quxod amos qe 
0*2 q.seai jo aaoos ssa^sxp Aao^Bjexdsaa ueam b (o) 

jo /ex^AouAs 

30 aouasaad aqq. pue 'aqepnxa jreioaAie aaaAas 
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aina) 133HS aimiisans 
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Ida 0T 3JOOS 
bunx ssoa6 uesH 




einooui 



uoTq.PTAaa paeptreq.s pub uoxq-cpTiosuoo 
bum ssoxd '(3) :8T aiq^tL 
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9£>dSd 


TE*Z HA 




BZ*Z HA 


SBZZ HA 


9BZZ HA 


UOTS3T 



Ida 01 Aaeurams uotsst oTdoosoaoxH 
: T apom 6xd QOCK) ' (v) 'mx ^uaraTaedxa :6I aiqei 
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(3Tuiou96) vno =adAX amDsiow (tt) 

aeauTi :AD010dOX (a) 

tiMoxixun : ssaNaaoMVHXs (o) 

pxop ox^x 3 ™* : 3dAX (9) 
saxed agt>q 22 : HXONSI (Y) 
*S3IXSIH3XDYHYH0 soNanoss (T) 

: i : on ai oas nod NoixYwnodNi (2) 



Hn XYdO SS88*2 : xaaax (O) 

0222-et> (eoz.) : xYd3 r i3X (a) 
oooe-ci* (coo ^aNOHdanax (Y) 

: NOIXWHOaKI NOIXVOINflWWOOaTOX (XT) 

dID XSS-T20-S29* : H39WT1N XM00CI/3ON3H3.a3H (D) 
TSfr'TC : H3HWCIN N0IXYHXSID3H (H) 
*d*W T^Hd-UBSC '»A9XT«AB^ =3WVN (V) 

:NOIXYWH03NI XN30Y/A3NHOXXY (TTT A ) 

C66I-XDO-S0 : axva 3NIH.i (H) 

S29'teT/80 Sn ^HSHWON NOIXYOnddY (Y) 

^YXVa NOIXVDinddV HOIHd (TT A ) 

^NOIXVDIdlSSVTO (O) 

: axva ONiaid (s) 
sn ^HaawnN NOiXYonddY (y) 

: YXYCt NOIXVOnddV XNaHHOO ( T A ) 
S2X# uoxsasA '0*X# ui^ua^Bd : 3HYMXdOS (d) 

soa-sw/soaod : waxsAS oNixYnado (o) 
^xqT^dmoo od wai : H3XQdwoo (a) 
3{sxp Xddotd :3dAX wniaaw <y) 

: waod 3aavav3H nsxndwoo (a) 

20222 : dIZ U> 

*Y*S*fl : AHXNnOO (3) 

ptutB^ta -3XYXS (a) 

U0^6utxJY : AXIO (0) 

00* ^^T^S 'abmijBxh 3XABa uosJtajxsr *S SSZ.I : X33HXS (8) 

*0*d 

'xavxsnaN * naivw 'oMYnaiDow 'XYAids 'notho : aass3HaaY (y) 

: SS3HaOY 30N30N0dS3HH00 (ax) 
Z.Z. : S30N3n03S SO H3HWQN (TTT) 
'NiaXOHd 

HO CIIDY OISIOOHAIOd 3HX ONINIYXMOO HO WOHd <33HYd3Hd 
3NI00YA Y 'aiDY DISlOHJOAIOd 3HX A3 a3aOON3 NI3X0Hd Y 
' (ASHHd) SX1HIA 3W0H0NAS AH0XYHIdS3H ONY 3AIX0£iaOHd3H SNIDHOd 

y wom aaxYrosi aioY o ianonNAiod y *noixn3ani jo 3nxix (tt) 

■ y Yssnsw 'WCTC 

HOOI 'AOZOHOW 
O MDIHXYd 'HnaTYH 
Nir-ONYIX '0N3W 

*S W3Hd "IflYd ^XNYOnddY (T) 

: NOIXYWHOJNI TYHHNSO (X) 



onixsit aoKanoas 
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s = on ai oas *NoiidiHosaa aoNanoas (t x ) 



(OTUIOU36) vwa : adAX amoaiow (tt) 

^AOOTOdOX (CI) 

u^otDfxm : ssaNaaatwHXs (o) 

pxop oxaiDnu :3dAX (3) 
SJXEd aseq OZ : HX0N31 (V) 
: S3IXSIH3XDYHYH3 30N3fl03S (T) 

:S:ON 01 03S HOd NOIXWHOdNI U) 

ODVDXOXVXD ODVOXXOWD 

fr=ON ai oas ^NoixdiHJsaa aoNanoas (t*) 



(otuiotoB) Mm : adAX aTnoaiow (tt) 

JTOUTX : AOOTOdOX (a) 

uMoxnnm : ssaNaaaNVHxs O) 
pxae otatonu :adAX (H) 
saxBd asBq 02 :HX0N31 (V) 

: sdixsih3X3yhyhd aoNanoas (t) 

: * : ON (II 03S HOd NOIXYWHOdNI (3) 
DVDOYVDXVO OWOOOOOOD 

c : on'qi Oas : NoixdiHosaa aoNanOas (t*) 



(oxuiouaB) vNa : 3dAX STODaiOW (TT) 
JtMUXX :AOOTOdOX (a) 

uMotnpm : ssaNaaaNvaxs (0) 
pxo* oxaxonu = 3dAX (a) 
saxpd aspq qz ^HXONai (V) 

: soixsiHaxovHVH3 aoNanoas m 

•€ : 0N ai 03S HOd NOIXYWHOdNI (Z) 
OX OVOODVXOXO ODXXXVDODD 

2 : on ai oas : NoixaiHDsaa aoNanoas (t*) 



(oxmouafi) vno : 3dAx ainoaiow (tt) 

JBdxxx X :A0010dOX (a) 
uwoinfim : sS3NaaONVHXS (O) 
pXOB DX3T^U :3dAX (8) 
saxBd 39pq ZZ :HX0N3T (V) 
^SOIXSIHaXDVHVHO aoN3n03s (T) 

-z-oti ai oas nod NoixvwnodNi (z) 

XY VOOOOXOXXO 0X3X300O03 

t : on ai oas : NoixdiHosaa aoNsnoas <t x ) 
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Y3XSX0Y0X 03DDXXYDOO 

: 6 : on ai oas : NoixdiHOsaa aoNanOas (t*) 



(oxmousB) vtia : 3dAX ainoaiow (tt> 

aB^uxx :AS010dOX (a) 

UMOtn>(im : SS3NaaONVMXS (0) 

pTOB OTOX^tlU :3dAX (8) 

sxtt>& aeeq 6T ^HXONai (Y> 

: soixsiHaxoYHVHD soNanoas (T) 

: 6 : ON ai 03S HOd NOIXYWHCXiNI (3) 
XOOOODOXY XOWOXOOXO 

: 8:on ai oas : NoixdiHosaa aoNanoas (t*) 



(oxuiouafi) YNd = 3dAX STHOaiOW (tt) 

JBSUTi ^AOOIOdOX (a) 

UMOinfun : SSaNaSONVHXS (0) 

pro© oxaxonu :adAX (a) 

saxpd aseq 61 :HX0N31 <Y) 

: soixsinaxoYHYHO aoNanoas (t) 

: 8^on ai 03S HO* NOIXYWHOdNI {Z) 
ODOYXVDVDX D0YDXXY30Q 

6 : on ai Oas : tioixdiH3saa 3ON3n0as (t*) 



(3XU10U36) ynci : adAX amoaaow (tt) 
»»«ti : Aocrcodox (a) 

UMOtrnun : SSaMaaONVHXS O) 
pxoB OX3X=>nu :adAX (H) 
sjxud aseq OS : HX0N3T (V) 

: soixsiHaxoYHVHD aoNanoas (t) 
: z. : on ai Oas nod noixywhojni (s) 

3YD0X0XX0D 30YXOOXOVO 

9 : on ai oas : NoixdXHOsaa aoNanoas (po 



(0XU10U96) YNO :3dAX aiXlOaiOW (TT) 

^HauT T tAOOIOdOX (CO 
tiMOtnfim : SS3NaaONVHXS (0) 
pxot? oxaxsmi :gdAX (a) 
saxHd sseq OZ ^HX0N3T (Y) 
: SOIXSIH3X0YHYHD 30N3n03S (T) 

: 9:0N 01 OSS HOd NOIXYWHOJNI (Z) 

OYDYODY3XX YOOXOXOOOO 



61990/96 OA\ 



(98C2 HA/SSeZ HA) 2T-HSI :3XYI0SI TVndlAIONI (O) 

6MOI :NIVHJ.S (a) 
grutTA 

suicupuAs Ajo^eaxdsaj pue aAponpojdsj auxoaod ^WSINVDHO (V) 

: aonnos tvnioiho (xa) 
yncp -adxx amoa^ow (tt) 

UWOXOfun : A 0010dOX (O) 
UMotn(tm : SS3NaaONVHXS (D) 
pxoB axaxaiux :adAX <S) 
SJTBd ospq : HXDNai (V) 

: SOIXSIHaXOYHVHD 33Nan03S (T) 

: €t=OH QI 03S HOd NOIXYWHOdKI {Z) 

OZ ODOWOOODD VOOVXVXOXO 

: £t*on ai Oas -woixdiHosaa aotianoas {«> 



(oxmouaS) vaa iadAX arnoaiow cm 
JAOOTOdOX (a) 

umou3(uti : ssaNaaatiVHXS (o) 

pxo« oxax OTlu : 3dAX (Q) 
saxHd aseq OZ ^HXONai (V) 
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jqx nai usy xAx axi ^Ax UXO x*x Jqx «S ^a»S <isv Axo usy Axo dsY 
**X OOY OXX OYY XYX YXY OYX YYO OYX YOY OOX OOY OYO OOO OYY OOO XYO 

oe S3 OZ 

*TY aqd jag <Ltx aas naq Axo ^qx sao nai nsq sqd nsi djx <i*X aqd 
96 000 XXX OOX OOX OOX OXX 000 OOY XOX OXO OXX XXX XXO OOX OOX OXX 

, ST 01 S I 

sAo «S sth oJd *qx nai aq<j 6jcy Axo nai gXq sth -i^S sAo 6^Y 3»W 
8* OOX XOX OYO 000 XOY OXX OXX XOO OOO OXX YYY OYO XOX XOX YOY OXY 

: .oz:'on ai oas : Noixdinosaa aoNanOas (t*> 

€09* *T 'NOIXYOOI (H) 
SCIO :X3M/3WYN (Y) 

•annxYaa (xt) 

pH^gAxaq 'HXYaOSI TYnaiAIONI (0) 

3TUTA 

suiojpuXs Aaotwrdssa pire aAT^onpoadsjr suTOJiod :WSINYDH0 (Y) 

'aoanos TYNIOIHO ( T A ) 



yncp : adAX amoaiow (tt) 

UMOtnpm :AOOTOdOX (0) 
iiMOinfim : SS3Na3CLNYHXS (0) 
PT3B OTSXonu - 4 3dJU (H) 
SJTBd sseq 909 : HX0N31 (Y) 

: S0IXSIH3X0YHYH0 30N3n03S (T) 

: 02*on ai Oas Hoa NoixYwaoaNi (2) 

02X STI 
«IY «S cad MS exY ^qx X*A 6^Y ©XI Boy 

on sox oox 

X*A Jqx STH STH ^qx o^d nsq aas sqd nxo X*A -iqx -*Ax «S ^XI 6*Y 

56 06 S8 

AXO J3 S dSY aas nsi jtu sAo jijx Axo *XY A T0 uxo usy aqd *XV ^qx 

08 Oi S9 

u XO 3X1 - I3 S J^S nai sao naq uxo 6-iY nxo ^^S o-id -iqx aqd s*FH sth 

09 SS OS 
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09X SSX OSX S*X 

o^<j jas sAq cUi 6jtv STH T B A 6*Y Axo 6-*Y dSY dsM X B A ^XI ^Md U SY 

o*x sex OCT 

Jtqx a*{d fi^V -iqx S^Y ^XY Jj *X &*Y sAo ^XY sAo u^Y sAi ^XY *?XY 

sex ozx six 

6oY axx T*A aqd sAo x*A aqd «XY BXY aqd *XY sAo *XY Axo -zAj, T«A 

OXX SOX OOX 

.iaS sAo nai x»A xAx Bjy Axo Axo X b A aqd Axo *?TY -*qx X*A *?XY 

S6 06 S8 

A\Q nai XtO noi «XY cteY aq<j sqd sth «s ^qx ^qx naq aqd Axo na*x 

09 SZ. OZ. S9 

aas na*i ax I ^TH *qx *XY X e A ojd xfo naq X*A aqd ^qx nxo X*A «XY 

09 SS OS 

cLtX Axo aqd STH *as na*i &*X <*SY -iqx Axo usy nai nxo sAo ax I 

s* ofr se 

aqj, nai usy *Ax axi ^Ax uxo xfo xqi Jas ;tas dSY Axo usy Axd <*by 

OC SZ QZ 

©XY aqd ^as d*X «S naT Axo ^qx sAo nai na*x aqd nai dij, <Ltx aqd 

SX OX S X 

sAo zas sth ojl& Jem na»i aqd 6-JY Axo nsi ©At sth sAo 6^y }aw 

:x^ : on ai oas : N0ixdiH0S3d aoNanOas (pc) 
uTa^o^d :adAX amoaiow (tt) 

atauTx • AOOIOdOX (a) 
ptoe OUTune :3dAX (H) 
9pTOB ouxum XOZ : HXQMai (Y) 

: SOIXSIH3X0YHYHO 30N3n03S (T) 

: X£ : 0N QI 03S HOd NOIXYWHOaATI (Z) 



909 



002 S6T 
«TY nxs cLrx «XO nxo exV *as ^qx B^Y 
OYX ODD OYO OOX YYO OYO XOD OOX XOY OOY 



9^S 



06X S8t 08X 

zqi nai o^d «XO «XY sAq x«a Axo nxo nai x^A X^A sth sAq ax I ^qx 
OOY OXX DOO YYO XOO YYY XXO OOO YYO 0X0 0X0 OXO XYO YYY OXY OOY 



82S 



SZ.X OLX S9X 

X^A naq usy Axo d^Y X^A nxo BXY sAt Axo naq sAt nxo X^A X^A axi 
OXO 0X0 OYY 000 XYO 0X0 YYO 000 YYY OOO OXX YYY YYO YXO 0X0 YXY 



08* 



09X SSX OSX SfrX 

oaa sAi dij; 6jey 9TH I«A 6^Y Axo 6-TY ctev «3sy T^A axi aqd usy 

YOO XOX OYY OOX YDO XYO XXO YOY 000 000 OYO OYO 0X0 XXY OXX OYY 



OfrX SEX OEX 

^cqX aqd B^Y J:qX 6^Y «XY -lAx B^Y sAo *XY ^^W sAo usy sAi *XY ^XY 
OOY XXX 000 OOY XOO 000 XYX 000 OOX 000 OXY OOX XYY YYY XOO XOO 



SSX OZI SIX 

6.ZY axi X«A aqd sAo jpa aqd exY *XY 3t t^ sA ° A ^ 

XOO OXY 0X0 XXX XOX YXO OXX OOO YOO OXX XOO XOX XOO 000 OYX 0X0 
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96 



oe sz oz 

*XY xfo an }aw ^TI °-*d ^UX JA X J MX »TI «S ^Md *TY nsq x*A nai 
ODD DYX YXY OXY YXY XOO YDY DYX YOY OXY OOY XXX 003 YXO OXO 0X0 



St OT S X 

sAT uxd fxY ^TY 3TI OJ d <*SY usy s^O ^Md cteY dSY n3 1 ^TO ^TO 
8* OYY YYO YOO 000 OXY XOO XYO OYY OOX XXX XYO DYD YXO 000 YDS OXY 

'•zz'on ai Oas -NoixdiHOsaa aoNan03S (t*) 



6TS " " T ^NOIXYOOT (S) 

sao ; xa^/avwN (y) 

= :ranxYaa (xx> 

pE^sAxsi ^aXYTtOSI TYnaiAIONI (O) 

STVXXA 

siuoapuAs Aao^Baxdsoa puv SAt^onpoadai suxojcod :wSINYOHO (Y) 

• 3DtfflOS TYNIOIHO (T A ) 

yncp : adAX amoaiow (TT) 

uMomnm :AOcyiodox (a) 
uMoraftm : ssaNaaawraxs (o) 

pTDB OT»T3™* :adAX (8) 
9XTV& es*q*££S : HXOKai (Y) 

: soixsinaxoYHYHO aoNanOas (T) 
■tZ'OH ai Oas hoj noixywhojmi (z) 

fr9T YYYY YYYYVYYYYX XYYYOOOOOO YOYOOYYOYO 000XXYYXXX 

OZX YOYYXOOOOO XOXODDYODO OOYXXYYOXX YXOOYDXOVY XOXOOOXOXX YOYOXXYOXO 

0 9 YDOOXYYOXO OXOOOXYYOY YOOXXYYOXX XOXOYOOOXY OOOYOXXOXX YOOOXOOOOX 

•zz-OH ax Oas : Noixdinosaa aoNanOas (t*) 



(98C3 HA/S8EZ HA) ST-QSI : 3XYHOSI TYflQIAIGNI (O) 

BMOI :NIYHXS (9) 
90ITA 

auiojpuAs Aao^eaxdsaa puc SATHonpojtdaj: suxojcod ^WSINYOHO (Y) 

^OHnOS TYNIOIHO (T A ) 



YNQO :3dAX SmDSlOW (TT) 



UMOtnfun = AOOTOdOX (a) 
UMOinjim : SSaNaaONYHXS (O) 
pxoH oxsxonu :adAX (9) 
saxHd'asHq'fr9i ^HXONaT (Y) 

:S0IXSIH3X0YHYH0 30Nan03S (T) 



'ZZ'Ot>l Ql 03S HOd NOIXYWHOaNI {Z) 

OOZ S6I 
*TY t*XD cUX tlXO ^XO B IY -*UX 6^Y 



06T 

aqx nsi oa<j uxo 
S*.X 

X^a nant usy Axo 



S8T 

BXY sAq x^A Axo 
0Z.T 

dsY X*A nxD *XY 



nxo naT x«A T*A 
S9T 

9 At Axo sAt 



081 

sxh 9Aq ail ^Ttt 
"TO T B A X*?A axi 
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S6 06 58 

*m 9TI ^d s^T «S aqj, aq<3 aas *Ax x*A Axo <£*X 

08 SL QL S9 

naq exv X C A T*A *TV Axo nai .iux nai *?XY X^A &*Y usy ^HX uxo 

09 SS OS 

sqd 9TH T^A xAx ^qX 33W <*Ax Axo *ux 9t*d *as sAo usy na«x aqd 

S* 0* se 

©XI ns *I 9 TI S TH naq na*i Axo naq naq 5jy Axo S-*Y aas T^A sAt naa 

oe os 

©XY *Ax ©XI 3X1 oxd -«tt *Ax JUX »TI «S aqd «TY naq T^a naq 

ST 0T SI 

sAi uxo *XY «TY ^XI OJC d dSY usy ds»Y d»Y naq Axo Axo aaw 

:^:on ax oas ^Noixdiaosaa aotianoas (xx) 
uxa^ojd :adjtx aonoaiow (tt) 

jmutx -ADOTOdOX (a) 

pTOB OUTU1C :3dAX (B) 
spxoTS ouxiub CLT : HXDN31 (Y) 

: SOIXSIH3XOYHYHO 3ON3n03S (T) 

■ tZ'Oti ax Oas hojJ NoiXYwnoaNi (z> 

0Z.T S9T 
6JY Axo xAx sAi x«A nar usy T*A T*A Axo 6-iY sAq x*A 
ZZS VYX DDO DOS XYX OYY OXO DXO OYY XXO OXO YOO YOO YYY XXO 

091 SSI OST SH 

exy &*Y sAq AXO Axo x*A n»i «S 6-*Y tist Axo oj<j X*A na*i aqx 

08* XOO YOO YYY ODD ODD 0X0 OXO OXO OOY 000 XXO YOO YOO YXO YXO XOY 

0*1 SCI OCT 

Axo usy X^A «S ^*!£ naq Axo o^d sAt 6oy X*A «TY ^Aj, bxy 6-*Y usy 
ZZ* 000 OYY 0X0 YOX YOY YXO YOO OOO OYY YOY 0X0 XOO OYX YOO YOO OYY 

SZT QZT STT 

Axo J»S ^XY «S »XI «S sth naq Axo exY *?TY «S nxo T*A STH s T : H 
*8C XOO XOX 000 YOX OXY YOX XYO 0X0 XOO YOO XOO XOY YYO YXO OYO XYO 

OTT SOT OOT 

*XY OJ d «XV naq ax I ■ x Ax 6-*Y 6-*Y Axo nai sAo sAo naq Bjlm sAq 6jy 
9 EE 000 XOO 000 OXO XXY OYX YOO OOO 000 XXO OOX XOX OXX YOY OOX YOY 

56 06 98 

Jtas aqx 9X1 ai{d sAi &zx Jtas nxo -x^IX ^d J^S ^Aj, X B A Axo <i^X na^ 
883 OOX XOY OXY XXX OYY OOX YOX OYO YOY OXX OOY OYX XXO XOO OOX 0X0 

08 SL OL S3 

naq *XY T«A T«A «XV Axo tiaq jqx ^1 «XY X«A 6oy usy ^MX ^^S uxo 
0*3 XXO 000 0X0 XXO XOO OOO 0X0 OOY XXO YOO 0X0 XOO OYY OOY OOX YYO 

09 SS OS 

a*ld sth X*A JtAx aqx tlaw ^Ax Axo 3Md Ji(X »Ud J»S sAo usy naq ana 
Z6T XXX XYO 0X0 XYX YOY OXY OYX YOO OXX YOY XXX OOX XOX OYY OXO XXX 

s* o* se 

ax I nai ax I 9 TH nai nai Axo naq nai 5_iy Axo B-^V X b A sAq naT 

tr^rl YXY YXO OXY OYO OXX OXO OOO 0X0 0X0 YOO 000 000 YOX OXO OYY XXO 
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on SOI 001 

*qx 9TH *XV I«A ojlz tisi 9Hd "10 x*A UXO aqd I*A sAi Aid 

9C€ YOY xyd XOO XXO ODD OXO OXV XXX OYO XXO OYD XXX XOY OXO OYY ooo 

56 06 S8 

aas JSS JSS hot «s *XY J*tX Axo t?XY Axo uxo usy atfd *IY -iHX uxo 
QQZ OOY OOX VOX XXD OOX OOO XOY YOG YDO OOO YYO XYY OXX XOO OOY OYD 

08 $L QL SS 

»II uxo naq sAo n&x jag £jy nxo *qx uxo nan; sth sth 6.IY 

0*£ OXY OOX YYO OXX OOX OXO OOX OOO YYO XOY OYO OOY OXO OYD OYD OOO 

^ ^ 09 SS OS 

^X I dsv dsv nxo *IY *XY n^i ojtd ©qd STH o^d sAq nxo ojtrf sA<i sAi 
361 0lLV 3VO XYO YYO XOO XOO OXO OOO XXX XYO YOO OYY OYO XOO OYY YYY 

0* sc 
sAq sAq «XY uxo Axo Axo B^Y o^d uxo «XO £*Y «IO Jt»S 9Aq ^11 }3W 
**I OYY YYY OOO OYD YOO YOO OOY XOO YYD OYD OOO OYO OOX OYY YXY OXY 

SZ OZ 
*TY axo nsq t\bi uxo sAo naq uxo usy XT2A ojc^ uxo axo usy Axo 33W 
96 YOO XOO OXO OXX OYO OOX 0X0 YYD XYY OXO YOO OYD OOO XYY OOO OXY 

sx ,01 S I 

oJd *IY JtlX J»S sAl sAq sAi sAt; uxo «S uxo usy sAi Axo *IY 
8* ODD XOO YDY XOY YYY OYY YtfY OYY OYO OOY OYO OYY YYY XOO OOO OXY 

: sz-on ai oas : NoixdiHosaa aoNanOas (po 
free* *i :noixydoi (a) 

SaO : A3»/3WYN (Y) 

: annxYad (xx) 

p^^sAx^T ^aXYTOSI TYfKHAIONI (O) 

STVTTA 

suiojtpuAs XjoqpjTdssj pup SAtaDnpojdsa auxojod :wSINYOHO (Y) 

: aOHHOS TYNIOIHO (ta) 

yncp :3dAx aTnoaiow (TT) 

UMOU3(Un :AOOaOdOX <a) 

uMotnnm : ssaNaaaNYHxs (o) 

pjDTe DXBionu :adAX (a) 
saxcd 99eq ^.8£ iHXONai (Y) 

: soixsih3xoyhyho aoNanOas (t) 
: ss^on ai oas naa noixywmojni (z) 

OtT S9I 
my Axo JAx sAq x«A nai usy X*A X«A Axo 6*Y sAq x*A 

091 SSI OSI S*T 

eXY 6xv sAi Axo Axo nai x*A n©T ^ s 6 jy naq Axo oj<j I*A nsq jqx 

r om sei oex 

AXO usy x^A *m naT Axo oad sAq B^y X^a BXY ^Xj. *XY 5j V usy 

x S ^I 031 SII 

AXO ^XY J^S ail sth n9T Xxo hxy ^xy ^as nxo I*A sth sth 

01:1 SOI 001 

*IY oj<3 ©XY nai a T I 6jcy 6oy Axo sAo sAo tibt 6xtf sAo 6jy 
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QZX WYYYYXXW YOOOYOXOXY 00YY90Y0D0 YOXWXXOYX YOXDOOOOXY DYOXYODOOO 

09 VXXWOXXVX 00YOX9VOX0 XO009X0XO0 OOXXYOOOOO D0XYY9XD0Y OXOYOYOXXX 

: 6? : on ai Oas : NOixdiHosaa aoNanOas (t*) 
peqsXisi ^axYiosi TVnaiAIONI (O) 

STVIXA 

auiozpuAs iCio^ejtxdsM ptre QAx^oupoadM auxojrad :wSINTCOHO <V) 

: 3DHnOS TYNIOIHO ( T A ) 

raao : 3dAx ainoaiow (tt) 

UMOtnfim ^OOTOdOX (O) 

uMotncxm : ssaNaaatwHXS <o) 

pxoB oxsxonu :3dAX (H) 
SJTBd 98Bq £2X :HX0N31 (V) 

: sDixsinaxovHVHD aoNanOas (T) 

:&Z:Oit ai 03S HOd NOIXYWHOdKI (2) 

SZX QZX SIX 

^TY ^10 «I0 «S *TY «S *MX *MX I HA fi^Y ^TI na T 6<*Y T^A 

OXT SOX OOX 

■ittt 9TH *TY ITBA OJd H3T }SW »Ud nxo X*A uxo aqd «S X*A sAi Axo 

S6 06 98 

J»S «S «S t\3i *TY JUX Axo B TY Axo "TO usy stjd «XY J^IX «X0 

08 SL 0£ S9 

aXI *^S "xo nsrt sAo ti9*i aas 6-*Y nxo Jitx uxo ^"IX risq str sth 

09 SS OS 

aX I <*9Y tixo ^XV SXY ^1 o^d ®Md sxh oJtd sAq nxo o^d sAi sAq 

5* 0* SC 

sAq sAt bxy uxo Axo Axo 6xy ojtd uxo uxo 6xy UXO «S sAq ©xi 

OE SZ QZ 

*XY Axd nsr naT UX9 sAo uxo usy x^A oa<j tr[0 Axo usv Axo 39w 

sx ox st 

o.Xd ^XY ^*IX -»S sAq 3At sAq sA^ uxo J^S t*TO usy sAq Axo bxy 

:92 : on ai oas : NoixdiHosaa aoNanoas (t*> 
ux^oad :adAx amoaiow (tt) 

.ii>5>utx ^AOOIOdOX (0) 
pxo^ ouxure =adAX (H) 
spxOH outuih 821 : HX3Nai (V) 

: soixsiHaxovHVHD aoNanoas (t) 

■92 -ON ai 03S HOd NOIXVWHOdNI {Z) 

LBZ WX 

SZT QZX SXX 

J3S «TV Axo UXO ass *TY ^^S JtMX ^UX T*?A B^Y 9TI 6jy T*A 

tet XOY YDO XOO OTO XOY 000 OOX YDY XOX XOY OXO 000 XXY 0X0 000 0X0 
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OOOW XX0X00DY3Y 0D13VXX0VD 

ic=on ai oas -Noixdiaosaa aoNanOas (PO 



(otuiou9£) vno : 3dAi aanoaaow (TT) 

JBauTi :AOOnOdOX (0) 

UMOtDfxm : SS3NaaONVHXS (0) 

pxoB oxsTpnu :g<3AX (a) 

sa-cBd asi?q 52 : HX0N3T (V) 

-saiisiHaxDVHVHo aoNanoas (T) 

: Tt : ON ai 03S HO* N0IXYWH03NI (3) 
O 030YDXXXDY ovooxveoDO 
oc : on ai Oas ^Noixdinossa sonshOss (t*) 



(oTiuousfi) vno :adAX aanoaaow (tt) 

JCBatlXT. ^Aaorrodox (a) 
uMotnfun : ssaNaacwvMxs (O) 

pxoB oxaionu : 3dAX (Q) 
SJTHd asvq \z : HX0N31 (Y) 
: S3IXSIH3XDYHYH0 30Nan03S (T) 

: oe : ON ai oas noa noixwhojni (z) 

OOOWXXO 003YVDV33V OOXXXXOXOO 

6^on ai oss -NoixdiHDsaa 30Nan03s (po 



(DTuioua6) ; 3dAx annosiow (tt) 

aBSUTi :AOOTOdOX (a) 
uwotn(un : SS3NaaaNVHXS (O) 
pxoe oxaxonu :3dAX (3) 
SJEXHd BB*q BZ * HXONGTI (Y) 
: SDIXSIH3X0VHVHD 33N3T103S (T) 

: 6C=ON at 03S HOd NOIXWMOdNI (2) 

OXDXQX VYOOOXXXYX 003DXV0S3D 

QZ- ON QI 03S ^NOIXdlHOSSd 33N3n03S (T*) 



(DxuiouaB) vNa : 3dAx araoaaow (TT) 

acauxx :A0010dOX (a) 
UMOtnfun : SS3tta30NYHXS (0) 
pxoB oxaiDtiu -3dAX (8) 
9;tX«d 3SBq 93 =HXON3T (V) 
: S0IXSItt3X0YHYH3 30N3O03S (T) 

•bz'oh ai Oas ho* NOixvwaodNi (z) 

wwvw 
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(SBZZ HA/S8EC HA) SI-QSI : 3XVI0SI IVfiaiAIONI (O) 

©MOT. :NIVHXS (H) 
sniTA 

QiuoapuAs /joiEJidsw ptre aAT^onpoadaa suxo^od :wSINVOHO (V) 

: 30HnOS TVNIOIHO ( T A ) 



vtiao =3dAX ainoaiow (tt) 

UMomftm :AOOTIOdOX (a) 

uMomftm : ss3N030NVHXS (o) 

PTOB 3X9X3TUI : 3dAX (H) 
saxed asnq 988 : HX0N37 (V) 

: SDiismaxDVHVHD aoNanoas (t) 
: se ; on ai Oas Hoa NoixvwHoaNi {z) 

O00DXD XX0O0OSXW 

: *c ; on ai oas : NOixdiHosaa aDNaaOss (t*) 



(oxuiouaB) vn<3 : adAx amoaaow (tt) 

jbsuti -Aooaoaoi (a) 
uMou^un : ssaNaaaNVHXS O) 

sxxvd 3SBq 9i ^ONai (V) 
: S0IXSIH3X0YHVH0 30N3n03S (T) 

: *E : ON ai 03S HOd NO I XVWH03NI (2) 

OOOWXXOV OOVDDOVXXO 

: ee : ON ai oas : NOixdiHosaa aoNanoas (po 



(oxuiouaB) YNa ^3dAX STODaiOW (tt) 
aB»uxi :AOOTOdOX (a) 

uMoinjtm : ssaNaaaNVHXS O) 

pxoiB ox3ionu :3dAX (3) 
sjxed ss*q 61 ^HXONST (V) 
: S0IXSIH3XOVHVHD 30N3H03S (?) 

: e€ : on ai oas Hoa NoixvwnoaNi (z) 

DO 0XVXWVXX9 XXODXVOOOS) 

: 2€ : on ai oas : NoixdiHosaa aoNanoas <t*) 



(oxiuouaB) Mm : 3dAx amoaiow (tt) 

JBauxx :A£X>aOdOX (a) 

uMotoftm : ssaNaaaNVHXS O) 

pzov oxa T onu :gdAX (3) 
3JXBd ssneq ZZ : HX9N31 (V) 

: soixsinaxovHVHO aoNanoas (T) 
: ze : ON ai oss hoj noixvwhojni (z) 



H)60l/S6Sfl/ID<I 



-2ST- 



61990/96 OM 



QZ* OOXOODODOi 0D30D0X0DX 0XXXY3D0Y3 DYYXTOXYYY 3D0O0XXYOD OXVOXXXOOO 

09£ YDODDOXDYY YDXXDDYODY DDD0XD30D0 0X3XXYDYX0 YYD0DD90YX DDXXDSX9XX 

00e XDDODXYSYD 3X0DYDXYDX XYYYDSXDDY YYDYXYOODY 3X0YXDX0DD DSDXXXODXD 

Q*Z YDDXXOYXOY JOYDOSXYX3 YDXOOOOOXD DYYXYYYDYX 9YDY3XXX3Y 09XD3XXYDY 

081 OXYDYXDDDO XX30Y0XXX0 OXDXXYYDXO 0XXDXY9XXX X00YO3X0XX 0D30YXD0XD 

OZT YDOOOOOOOX OYOXOOYYYX DDDDXYXYXY OXYGXOYDOO DYOYXOOYXX YX3XXXXDOD 
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081 0XY3YX9O3O XXXOYXXXXO OXOXXYYOXO XXXXXYDXXX X00Y30X0XX 3DD9YXOOXO 
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JB3UXI ^OOlOdOX (CI) 
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o*t set oei 

usv THA Jqx JtU -*3S Aio cud Bay Bay iha I*A »Rd «IY ®TH usv dsv 

S2T OZT SIX 

usv BIV hiv »II oJd sxh sqd Aio hiv hiv nio T^A 9TH sxh hiv 

OXX SOX 00T 

oad hiv na*i an jiAj, sAq 6av Aio naq naq sAo naq fixtf sAq 6jv 

S6 06 S8 

»II »qd sAq dxx nio an hiv «S ^ax I ha Aio djrx nai naq 

08 SL 0L S9 

«IY I*A I ha hiv Aio ^©w atu uaq hiv I ha sAq usy -*ux J^S «TO 3 Md 

09 SS OS 

sxh I ha aqd ^MX law ^Ax Aio atfd -mx »qd hiv sAo usv nai aqd »II 

0* se 

naq naq sxh naq naq Aio nai naq £jv Aio 6-iY «S Iha sAq naq hiv 

oe oz 

•*a\l ail 43W IHA oxa Jqx ^Aj, <mx ^11 attf hiv nai nai iha sAi 

st OX SI 

uio ojd hiv -mx ^tas dsv sxh sAq aqd dsv dsv nai aas -las Aio law 

: e^:oN ai 03s : N0ixdiH0S3a aoNanoas (t*) 

uxa^oad = 3dAX ainoaiOW (xx) 

jnauxi -AOOIOdOX (a) 
pxoH OUXU1H =3dAX (S) 
spxDH OUXU1H *£I iHXONST (Y) 

: S0IXSIH3X0YHYHD 30Nan03S (T) 

: e^ : ON ai Oas noa noixywhcmni (z) 



WX 

0Z-I S9I 
sAt hiv ^Ax sAi iha naq usv I^A I^A Aid uio sAt iha hiv 
£ZS W OOO XYX VYY OXO XXO OYY VXD DXO YDO OVO WV XXD X30 
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UT3}o;rd :adAX amoaiOW (tt) 

«auxx ^XOOTOdOX (a) 
PTOB OUTU1B :3dAX (9) 
spxop ouTure *LT : MONET. (V) 

: S0IXSIH3X0VHVH0 30N3n03S (T) 

: Sfr:ON ai 03S HOd NOIXYWHOdNI (3) 



szs yvx 

QLX S9I 
sAi hxv ^X 9^1 xha naq usy x*A I*A ^TO uxo sAq x«A HIV 
33S WV OOO XVX VW OXO XXO OYY VXD OXO YOO OVD WY XXO XOO 

091 SSI OSI SfrX 

sXt Boy *I0 ^xo naq x*A na*i aas sAq tiar Xxo o*a x*A nai ;ctu Axo 
08* W TOY OOO XOO OXX 3X0 0X0 OOY WV OXX 000 000 OXO OXX VOV 000 

0>I - SCI OCX 

usv X*A Jqx *HX «S Axo OJd 5*Y S*Y X«A I*A *Ud *IV sth USY dsv 
ZZV OYY OXO OOY XOY OOX 000 000 XOO 000 XXO 0X0 XXX YOO OYO OYY XYO 

S3I 021 SIX 

usy *xv 311 OXd S * H aiw B tV eiY nxo I«A sth SJH *IY 

*8C XYY YOO O00 XXV 000 XYO XXX 000 YOO OOO XOY YYO XXO OYO OYO 000 

Oil SOI 001 

OJd *IY ri^i ax I x*x sXi 6ov ^XO naq naq 3X0 naq £jy s^o 6jty Jas 
9CC XOO 000 OXO XXV OYX OYY 000 000 VXO OXX OOX OXX XOO OOX YDY OOX 

S6 06 S8 

JMX 9X1 »Md 9*1 d^j, aqx tv[0 ©II «TV x*x I*A Axo <**X naq nai 

883 00V OXV OXX VYY OOX OOY YYO YXV 000 VOX OVX 0X0 OOO OOX XXO 0X0 

08 SL OL S9 

*?IY IBA I*A *XV Axo aaw *qx naq t?xv I*?A sAl usy ^MX uxo ^Md 

0*3 VOO XXO YXO YOO YOO OXV XOV 0X0 YOO 0X0 OYY XW VOV XOY OYO XXX 

09 SS OS 

STH I*a 3t W ^X Axo »qd *m »qd *IY sAo usv naq aqd ax I 

361 OVO 0X0 OXX VOV OXV OYX OOO OXX OOY OXX XOO XOX XYY OXO OXX OXV 

s* o* se 

nai nai sth na^ naq Axo na^ naq 6oy Axo fi^Y ^as I*A s^I naq «xv 
fr*I OXX XXO OVO 0X0 XXO 000 YXO 0X0 VOO 000 000 XOV 0X0 OYY 0X0 000 

0€ S3 03 

xrtx 3X1 3»W i*a cud Jtqx ^MX ^11 a^d «xv nai naq x«A sAq 

96 XYX YXV OXV 0X0 VOO 00 V OVX 00 V XXV XOX XXX OOO OXX XXO 0X0 OVY 

51 01 SI 

u TO caa ©XV J^X «S dsv sth 9^0 sqd <3sy dsv naq jas ^as Axo ^aw 
8^ VYO VOO XOO OOV OOY OYO XYO XOX OXX OVO XYO YXX OOX OOX 000 OXV 

: **:ON QI 03S : N0IXdIH0S3a 30N3n03S (T^) 



33S *X -NOIXVOOa (9) 
SOO : A3X/3WVN (V) 

: 3HTUY3a (XT) 



(63*3 HA) 33-flSI ^SXYIOSI TVnaiAIONI (O) 
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96 



*Ax »TI I«A caa *MX x*x a^x an :cas aqd exY ubt uai x*A sA^ 

XYX YXY OXY VXD YOO OOY OYX OOY XXV XOX XXX YOD OXX XXO 0X9 OYY 



ST OT S I 

utq oa<3 «XY -**4X -*»S <lsY ^Ax sAo <*sy dSY naq .xas Jtas Axo 

8fr WO Y30 X30 OOY XOY XYO XYX XOX OXX OMO XYO YXX 03X 03X OOO OXY 

• sf-on ai oas -NOixdinosaa aoNanoas (po 

2ZS* 4 T ^NOIXVDOT (9) 
SCI3 :A3X/3WVN (Y) 

*3HfLLY3.5 (xt) 

6L-nsi -axviosi TvnaiAiaNi (o) 

BMOI ^NIYHXS (3) 
9TVITA 

awoapuAs ido^axdsa^ pue aAT*4onpoadax auxo^od ^WSINYDHO (Y) 

•sonnos tynioiho (t a ) 
yncp *3<3ax amoaiow (tt) 
«autx tAoonodox (a) 

UMOtnftm : SSaNaaONYHXS (0) 
pxov oxax^u : 3dAX (8) 
saTHd'ageq'sZS : HXDN31 (Y) 

: SOIXSIH3X0YHYHO 33N3n03S (T) 

-9* : 0N 01 03S HOd NOIXYWHOdNI it) 

OLX S9I 
sAq bxy ^Aj, sAt x«A nai us\f x^A T«A Axo uxo sAq x B A *IY 

091 SST OSI 5*1 

sAq 6xv Axd Axo X H A na*i a as sAq naq Axo o:x<3 I«A ^MX Axo 

Ofrl SCI 0€X 

U9Y X^A JqX ^qx «S Axo oJtd £*Y 6^Y I«A I*A *eiY sth usy dsrv 

S£T OSI SIT 

usv BXY exY 9X1 o^d sth aqd Axo *IY *IY «S nxo I^A STH STH *TY 

Oil SOI 001 

oad «IY naq 3 II J ^X sAt 6jv Axo naq nan; sAo naq 6jcv sAo 6a\f aas 

56 06 98 

*HX oil ^d sAq cLix *qx nxo axi ^lY «S Jax I^a Axo <*-U naa nai 

08 St Ql S9 

*eiY XBA X^A «TY Axo ^aw ^*qx nai *exY I*eA sAq uay ^yx x^S ^10 sqd 

09 SS OS 

sth I«A atld Jqx }3W ^tAx Axo aqd JUX ^d *eiY sAo usv nai aqd ail 

S^ Ofr sc 

na<x naq 9th naq naq Axo naq naq 6jcv Axo B^Y X^A sai naq hxy 

oe sz oc 

^Ax ail ^aw T^A o^a ^qx x*x *m ^XI sqd *XY n3q 113,1 IHA SjCri 

SI 01 SI 

tixo o^d «XY ^*qx J9S dsv sth sAo aqa <39Y cisv naq ^as ^^S ^xo ^aw 

••sfr^oN ai oas -noixdiHOsaa aoNanoas (t^) 
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biy T*a T*A *TV MO Jqx naq BXY X*A 9*1 usv -ittt -"S uxo aqa 

09 5S 05 

sth 3t|a *qx 33W x*x Aid ana Ji?X 3qa exY sAo usv nai ana »TI 

SV Ofr sc 

tiai rial sth nart nai Aid nai naq 6^v Axo fix? -ias X^A s^l naq exY 

0€ SZ OZ 

*Ax 3X1 X*A oaa Jtjx x*x ."IX axi *3S aqa *XY naq nai x*A 9Ai 

ST OT St 

uxo o^a «XY -z»S <isv jAx s^o aqa <*SY <*sy na^i aas "S Axo t*aw 

: /.^ : on ai oas : NOixaiHDsaa aoNanOas (t*) 
uxaaoad :adAX ainoaiow (tt) 

«auxx ^OOlOdOX (a) 
pxoH ouxune i3dAX (0) 
gpxott ouxure *^x ^HXSNai (V) 

: soixsinaxovHYHO aoaanoas (T) 

•-Llr-Ofl QI OaS HOd NOIXYWHOdNI (Z) 



S2S WX 

OLI S9I 
9Al «XV x*x sA 1 T*A ^3*1 U0Y X«A T*A ^XO uxo sAl T«A «TY 
ZZS YYY OOO XYX YYY OXO XXO DYY YXO OXO YDS DYD YYY XXO XOO 

091 SST OST S*T 

gXi 6jy ^xo Xxo nai X*A nan J as s^I na^ Axo caa X*A n »T **IX Axo 
08fr YYY TOY DOS XOO OXX OXO 0X3 OOY YVY OXX 000 000 OXO OXX YOY OOO 

oh sex oet 

U9Y X*A -**tX ^**X Axo o^a 6JY &*Y X*A X*A ana *XV 9 TH usy dsY 

OYY 0X0 OOY XOY OOX OOO 000 XOO 000 0X0 OXO XXX YOO OYO OYY XYO 

S2X OCX STT 

usy exY *TV 3X1 °*d STH 3qa *xo «TV *TY «S nxo T*A sxh STH «TY 
fr8£ XYY YOO 000 XXV OOO XYO XXX OOO YOO 000 XOY YYO XXO OYO OYO OOO 

OXX SOX OOX 

oJta «TY 3X1 ^^x sXq 6xy Axo naq naq sXq nai Bjy sAo Bjey -I3S 

9C€ XOO 000 0X0 XXY OYX OYY 000 OOO YXO OXX OOX OXX XOO OOX YOY OOX 

96 06 S3 

-*HX 3X1 3qa sAq dax ^HX nxo axi «XV -xas *Ax T^A ^xo d^X nai naq 
68^ OOY OXY OXX YYY OOX 00V YYO YXY 000 YOX OYX 0X0 000 OOX XXO 0X0 

08 SL QL S9 

*TY X*A X^A BXY Axo ^qx H3T HXY X^A usy ^qx ^as «X0 aqd 

QJrZ VOO XXO YXO YOO YOO OXY XOY 0X0 OOO 0X0 OYY XYY YOY XOY OYO XXX 

09 SS OS 

sxh ^aw aqa JUX ^aw ^xo aqd ^X »qd ^XY sAo usy naq aqa 3X1 

36 X OYO OXY OXX YOY OXY OYX OOO OXX 00V OXX XOO XOX OYY 0X0 OXX XXY 

Sfr 0* SE 

nai naq sxh naT naq Xxo na»x naq 6xv Axo B^Y ^as X B A s^i nai ©XV 
!»frX OXX XXO OYD 0X0 XXO 000 YXO 0X0 YOO 000 000 XOY 0X0 OYY YXO 000 

oe sz oz 
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OOY OXY OXX YYY OOX OOY TO YXY DOS) VOX OYX 3X0 DOS OOX XXO 0X0 



08 SL OL S9 

«TY I*A T*A HIV Aid law JUX na»T *XY I*A sa> I us Y ^MX -*as ^XO aUd 
OfrS YOO XXO YXOVOO YOD OXY XOY 0X0 000 0X0 OYY OYY YOY OOY OYO XXX 

09 SS OS 

STH T*A ^d ^X }SW J/X axo aud *qx a^d *TY sao «sy nai aqd ail 
261 OYO 0X0 OXX VOY OXY OYX OOO OXX OOY OXX XOO XOX XYY YXO OXX OXY 

S* o* se 

naa naq sth rial na«i Axo ™aq *>*Y axo B^Y «s T^A sai naT bxy 

OXX XXO OYO 0X0 XXO OOO YXO 0X0 YOO OOO 000 XOY YXO YYY YXO 000 

oe sz oz 

xaj, an law T*A ox* *m *aj. *qx ail «s aud *TY nan; nan; x«A sat; 
96 XYX YXY OXY 0X0 YOO OOY OYX OOY XXY XOX OXX 000 OXX XXO 0X0 OYY 

ST 01 ST 

uxo ox& bxy ^X d9Y STH sao atjd dsv dsv naq Jtas ^ag Axo aaw 

8* YYO YOO XOO OOY OOY XY0 XYO ODX OXX OYO XYO YXX OOX OOX OOO OXY 

: 8*:on ai oas : Noixdiaosaa aowanOas (T*) 



ZZS ' * t :NOIXYDOT (3) 
SOD :A3X/3WYN (Y) 

ignnxYad (*t) 
(oc>2 ha) ss-nsi : axviosi TvnaiAioNi (o) 

*WOI :NIYHXS (a) 

STilTA 

awoapuAs Ajco^cixdsaa pue aAT^onpcadaj: auxoaod :wsiNYOHO (Y) 

: 30HQOS TYNIOIHO (tA) 

yncp : 3dAX amoaaow (tt) 

jneauxx ^AOOTOdOX (a) 

urtotn(tm : SSaNaaONYHXS (0) 

pxoe DT3X3HU : 3dAX (B) 

SJXEd ascq'szs =HX0N3T (Y) 

: soixsrnaxoYHYHO aonanoas (T) 
: 8^ : on ai Oas Haa noixywmojni iz) 

OLl S9T 
sat bxv -tAj. sAq x^A usv X^A T*A Axo ^XO sAq x*A t?xv 

09T SSI OST Sfrt 

sAq Bay Axo Axo naq x B A nai jas nai Axo oad T*A naq aqx Axo 

Ofrt SCI OCT 

us\f T*A -*HX ^MX ^as Axo o.*d 6^Y &tY T^A I*A aqd *IY STH ttsv dSY 

SST 021 SIX 

usv *TY *TY an ojed sth aqd Axo ^xv *iv nxo T^A STH STH «IY 

Oil SOI 001 

oad ^IY nsT ax I sAt Bxm Axo 1137 naq sAo naq 6av sAo 6av 

S6 06 S8 

JUi ax I aqd sAi cLcx ^qx nxo ail ^XY ^as ^ax I^A axo c^ix naq naq 

08 SL OL S9 
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szs 



sAq Bxm Xio Xto nsi i*a nsq Jtss sA<i nai Aio o*a XBa nai jqx Axo 

o* 1 , set oei 

u»Y T«A ^qx .rqx «S Ato oa<3 Boy B*Y IBa I«A aqd bxy sth usy dsv 

SZI OZT sit 

usy bty HIV ail o^d sth aqd Axo «IV *IY *as "io IBA sth sth bty 

Oil SOI 001 

QJd ©TV nar[ sil *Ax sAi Bjm Aio hbt naq sAo n»T Ejy sAo 6^y «s 

S6 06 S8 

-rqx ail aqd sAi <iii aqx nxo axi «IY «S xrtx xba Aio dxx naq r\3<i 

08 SL QL SB 

«IY I^A T*A eiY Axs law -*qx ns^i *iy tba sAq usy aqx «S uxo 3i(d 

09 SS os 

sth I«A aqd *qx ^aw ^Ax Aid aqd *qx aqd bxy sAo usy na*i 3q d »xi 

S* 0* sc 

na«x nan sth nsi nai Ato n©rt nsq 6jy Aid Boy «S IBA sAt na«i bxy 

oe S2 02 

oAj, an ^aw x^A oaa -*qx *Ax *qx ail ^as aqd bxy nsi n»T x^A sAq 

SI 01 S T 

«IO oa d hxy Jqx dsY sth sAq aqd dsY dsY rwz «s *as Aio 

: 6fr=oN ai oas : NoixdiHDsaa aoNanoas (tx> 

UTStjoad :gdAX aTOOaiOW (TT) 

JB9UTX :A0070dOX (a) 
pxOB ouxuie :3dAX (8) 
spxoe outuh? *tX : HX0N3T (Y) 

: soixsiaaxovMYHo aoNanoas (D 

: 6fr=ON QI 03S HO* NOIXYWHOdNI (2) 



YYX 



0LX 591 
sAq bxy ^Ai sAt iba txst usy iba iba Axo uxo sAq x^A biy 
2ZS YYY 000 XYX YYY XXO XXO OYY YX3 OXO YSO OYO YYY DXO XOO 

091 SSI OST SH 

sAn fi^Y Axo Axo nai x^A nsq jias sAq nai Axo o^d X«A n©T jqx Axo 
08* YYY YDY 0OO XDO OXX OXO 0X0 OOY YYY OXX OOO 000 OXO OXX YOY OOO 

on sei oei 

usy I*A J ^X ^qx Mo o^d Bxy Bjy X^a I*a aqd «XY sth usy dsY 

ZZ* OYY XXO OOY XOY OOX OOO 000 XOO OOO 0X0 OXO XXX YOO OYO OYY XYO 

SZ\ OZX SIT 

usy «TY bty 3X1 oad sth aqd Axo «TY hiy ass njo X«A sth sth bxy 
*8e XYY YOO OOO VXY OOO XYO XXX DOS YOO 000 XOY YYO XXO OYO OYO 000 

on sot ooi 

oxd bxy naa an x£x sAq fiaY Axo nsq nsi sAo naq Bjlm sAo Bjy 
SZZ XOO 000 OXX XXY OYX OYY 000 OOO YXO OXX OOX OXX XOO OOX YOY OOX 

S6 06 S8 

jqx ai I aqd sAt daj. jqx nxo ail hiy Jas jAx Xh a Axo dix ust ri3T 

-*9I- 
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on sex oex 

usY T*A JifX *UX J3S ^XO o^d X*A X*A aqd BXY STH U9Y dSY 

OW XXO OOY XOY OOX OOO OOO XOO OOO OXO 0X0 XXX VOO OYO OW XYO 

SZT OZX SIT 

usy bxy B TY ail oad sth ai{d Axo bxy bxy Jas nxo IBa STH STH »XY 
*8e XYY YOO 000 XXY OOO XYO XXX OOO YOO OOO XOY OY9 XXO OYO OYO OOD 

oxx sox oox 

oj;a bxy hot »xi sAi Bxv Axo naq n^i sAo nsi Bay sAo 6xv jcbs 

9ZZ XOO 000 0X0 XXY OYX OYY 000 OOO YXO OXX OOX OXX XOO OOX YOY OOX 

S6 06 S9 

^MX »X I aqd sAq cLrj aqx nxo an bxy jlbs *^X X*A Axo d^X tiai 
882 OOY OXY OXX YYY OOX OOY YVO YXY 000 YOX OYX 0X0 OOO OOX 0X0 XXO 

08 $L QL S3 

*XY X*A T«A BXY ^XO ^aw -xqx naq bxy X b A B*Y usy *qx «s nxo aqd 
OfrZ YOO 0X0 YXO YOO YOO OXY XOY OXO 000 0X0 OOY XYY YOY OOY OYO XXX 

09 SS OS 

sth X*A aqd ^qx 3aw xAx Axo aq<J *tIX aqa *XY sAo usy ns<i sqd axi 
£61 OYO OXO OXX YOY OXY OYX 000 OXX XOY XXX XOO XOX XYY OXO XXX XXY 

s* o* se 

nsq naq sth naq naq Axo naq naq 6oy Axo &*Y -*as x*A sAq nai bxy 
frfrT OXX XXO OYO OXO XXO OOO YXO 0X0 YOO 000 000 XOY YXO OYY YXO XOO 

oe sz oz 

xax axi :*aw XBA oaa aqx xAx *qx axi Jas aqd bxy naa naq x«A s^T 
96 XYX YXY OXY 0X0 OOO OOY OYX OOY XXY XOX XXX 000 OXX XXO OXO OYY 

SX 01 SI 

UXO oad BXY Jtqx «S dsv usv sAo aqa <i9Y dsv naq :ias *as Axo aaw 
8* YYO YOO XOO OOY OOY XYO XYY OOX XXX OYO OYO YXO OOX OOX OOO OXY 

: os : on ai oas : NoixdiHosaa aonanoas <t*) 



225*1 : NOIXYOOT (a.) 
Sao : A3ra/3WYN (Y) 

-3H£UY3a (XT) 



(TZ*Z HA) LZ6£-nSX * HXYTtOSI TYfKHAIONI (O) 

Bi*OI :NIYHXS (8) 

StUTA 

auioapuAs Aao^BaTdsaa puB aAT^onpoadaa auToaod ^WSINYOHO (Y) 

: 30H£10S TYNIOIHO ( T A ) 



YNao : 3dAX amoaiow (tt) 
jbsutx ^Aooroaox (a) 

UMOU3(un : SS3NQ3GNYHXS (0) 
pxoB oxsxonu =3dAX (8) 
SJTBd asBq S3S : HXON5TC (Y) 

: S0IXSIH3X0YHVH0 30N3n03S (T) 

: os : on ai Oas aoa NOixYwnoaNi iz) 

OLX S9X 
sat bxy -lAj, sAq xba naq usv X B A IBA ^XO ^XO sAq X*A bxy 

091 SSI OS! S^X 
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szs 



yncp -adAi amoaaow (tt) 

JTOUTI 'AOOTOdOX (a) 

uMoinfxm : ss3NaaaN\raxs (o) 

ptoe OT^x^nu :adAX (a) 
SJTBd aseq :HX0N37 (Y) 

: S0IXSIH3X0YHYH0 33N3n03S (T) 

: ZS : ON ai 03S HOd NOIXYWHOdNI (2) 

OLT S9I 
sAi ejY -*Ax 9*1 X*A nan; usy X e A X«A ^TO ^XD sAi x*A bxy 

09T ssi OST 

3Ai sAi axo Axo nsi T*A narr aas £jy naq Axo oad X*A naq jcijx Axo 
o*x set oei 

**8Y IBA Jqx -Xqx Axo oad 6^Y 6*Y x*A X*A aqd *XY QTH tisy day 

SZZ OZX SXX 

usy HXY ©TV »TI oad sth aqd Axo *XY *XY «S nxo T*A S7H 9XH *XY 

OH 901 OOT 

o^d *XY nsq axi .xAx sAq Bjcy axo nai nai sAo naa B^v sao &*Y *as 

56 06 S8 

»TI »Ud sAi djtx jqx nxo axi *XY *as ^Aj, x*A Axo <£rx naq nan 

09 S*. - 0Z. S9 

B TY X*A T B A hxy Axo ^sw JttL naq PXY X«A &*Y usy jqx «S nxo at?d 

03 S5 OS 

S TH X*A aqd JiIX 33W JAX Axo aqd *qx *qd *XY sA ° UBV U3,T 3l *<* 3 H 

0* se 
naq nai sth ust nai Axo na<i naq Bay ^TO B^Y **S T*A aAq nan; exy 

. 0Z SZ 0Z 

x*x ax i }aw X«A o^d ^qx xrtj, :tqx ^11 ^as »qd *TY 113,1 nari SA> t 

* x 01 S t 

UXD oad exY -*qx *as dsv usy sAo aqa dsv dsY naq aas ^as Axo ^aw 
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nsi nsa sXo sAn aqd ^TO T*?A nai nsi aqd nan; naq Jtas *IY Axo :*aw 



:it=ON ai Oas : NoiidiHosaa aowanoas (t*) 

uxa^oad :3d AX amoaiOW (TT) 

aeauxx lADOIOdOX (a) 
pxDB otituiB :3dAX (9) 
spxoe ouiun? 8 /LI : HXON3T (V) 

SOIXSIH3X0YHYH0 30N3n03S { T) 

--it' on ai oas hoj noixywho3Mi (z) 



^11 *TY 

^.es VDJ* XXY TOO 

Si.T 0Z.I S9I 

n©T an :iqx ^qd n^T sAa ^TY ti^T T*A -*qx ^xy <i*X 6*Y *qx 

825 OXX OXO XXV OOY XXX XXO XOX OOO YXX XXO XOY TOO OOX OOY OXY OOY 

091 551 051 Sfrl 

nio o^d *qx aqd STH naT naq 6jcy X«a sth cteY I*A T«A naq aas 
0 8fr OYO 030 00 Y OXY OXX XYO DXO OXD OOO OXO XYO OYO XXO YXO OXX OOX 

oh sei oei 

6oy utO -*qx »qd nxo sAi T*A STH uxo I^A xfo jias ^1 aqd «sy I*A 
XOO VTO 00Y XXX YVO OYY 0X0 XYO YTO OXO OYX XOY OOY OXX OYY 0X0 

S2T 02t SIT 

sXo I^A *IY t*A ^11 Axo J3S t«A tisv Xxo *qd I*A I*A sAi sqd ^xo 
frftC OOX 0X0 TOO 0X0 OXY 000 YOX 0X0 XYY OOO XXX VXD 0X0 OYY XXX YOO 

Oil SOI 001 

sAq nxo Jt^S nxo *?IY -*Ax sqa nanc sAo ass n&i ^aw nsT 

9££ OYY YYO XOY OXY OYO XOX XOO XYX OXX XXO OOX XOX XOX XXO OXY 0X0 

56 06 58 

nsq dsv «S siH nai aAx usv nxo d9Y jqx T*A usy b IY -*qx I«A 
882 XXO XYO XOX OOX XYO OXX XYX XYY OYO XYO OOY XXO XYY 000 TOY 0X0 

08 SZ. Oil 59 

-iqx ^11 x*x x*A cud -*qx Axo 9X1 *IY ^qx 6^Y s^O «T0 oad I^A sAi 
0*2 XOY OXY XYX OXO 000 TOY OOO YXY OOO OOY 000 OOX OYO XOO OXO YYY 

09 55 OS 

6av ©XI *IY nxo ^IY «9Y STH 6^Y nai sAo ^11 dsv 

361 000 XXY 000 OYO XOX 000 OOX OYY 000 XYO OOY XXO OOX XOY OXY OYO 

SV 0* SZ 

uxo naa x*A «TY ©qd Axo hxy *IY «TY Jqx ^qx tisv Jtqx sXi ax I ds Y 
Vfrl YYO 0X0 0X0 XOO XXX OOO TOO 000 TOO OOY OOY OYY OOY OYY OXY OYO 

0€ S3 02 

ass nsq aas «S J^S ^qd sAo o^d sAq sAo etY sqd «xy uxo J3S ^ BA 
96 YOX XXO XOY OOX XOY OXX XOX YOO OYY OOX OOO OXX OOO OYO XOX XXO 

St 01 5 I 

nan nsT sAo sAq sqd Axo X^A nsq aqd naq aas ^IY Axo 

8fr OXX 0X0 XOX YYY XXX XOO XXO OXX 0X0 OXX XXO XXO OOX OOO XOO OXY 

: ql : ou ai Oas ^Noixainosaa aoaanoas (T*) 
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***d J»S <i*X -X^X <3sy U I£> oad Jtas Axo n&i qAo jAx oj<3 

OXX OXX xox oox ovx xoo xvo oyo dox 000 vox xoo oxx xox ovx voo 

0€ S2 OZ 

nai ass a^d oad naq sxi n9f I ^X T«A nai naq ass -z^S nai Jtss ox$ 
96 OXX OOX XXX TOO OXX YXY OXX OOX 0X0 YXX OXX ODX xov oxo vox xoo 

ST OX SI 

ax|i dxx «s sAo ass is TV "S sAt; x e A ^IO sAo sth Axo daj, UXO 
8* OOV OOX OOX XOX 00V 000 VOX VW VXO VOO XOX OYO XOO OOX wo oxv 

-zL'Oi* ax Oas : Noixdiaosaa aoNanoas (t*) 



LtL'Z :NOIXVOOT (0) 
SOD :A3X/aWVN (V) 

: aanxvad (xi) 
pe^sXx^q :axvrcosi TVOaiAIONI (o) 

STUTA 

awoapuAs Xao^BJidssj pire aATtjonpoada-x auxoaod :WSINY0H0 (V) 

:aOHflOS TYNIOIHO (TA) 

VNaa : adAX ainoanoK (IT) 

apautt iAooaoaox (a) 

UrtOtDfun : ssaNaaaNVHXs (0) 

Ptdh oxax^nu :adAX (a) 

gaxnd asnq oSL : HXONai (V) 

: soixsinaxovavHO aoNanoas (t) 
-zlou ai oas naa noixvwhojni m 



^11 *TY 

SZ.T OZ.I S9I 

n»T naq ax I -iqx stjd naq sAo «xv naq x«A <*HX *TY <i2X £:tv * aw 

091 SSI OST Sfrl 

nxo QJtd aqx »qd sth naq naq 6xv X«A sth dsv I^A I*?A naq ass 

0*1 SET OEI 

6^v uxo .njX sqd nxo sAq x«A STH UXO T«A x*x ;ras jqi aqj usv l*A 

SCI OZX SIX 

sAo I«A eXY I*A 3 H ^10 X^a usv Axo 9t?d I*?A X«A 3Aq 9ttd Axo 

OXX SOI 001 

sAq nxo MS 3»W nxo MS «XV -*Ax 3Hd naq sAq ms ms naq tjaw naq 

S6 06 S8 

naq dsv ^ss MS sth naq jiAj, U9Y nxo <3sv JtlX T^A tisv bxv aqx I«A 

08 SL OZ. S9 

■iqx ^1 1 ^AX I^A oa<3 iqi Xxo ^11 «xv J:qx sXo uxo o^d I«A s^t 

09 SS OS 

fi-xv ail *XY n TO J3 S «XV usv 6JV sth fi^V nai sAo aas an dsv 

SV Ofr S£ 

uxo naT x*A ©XV aqd Axo ^xv «XV «TV ^MX J:i|X tisv aqx sAt ax I dsv 

OC SZ QZ 

aas nai aas aas J»S s^d sAo oad sAq sAo ©xv ^Ud ^xv uxo Z*A 
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: C£ : on ai Oas : NoixaiHosaa aoNanoas cpo 

uta^oad :gdAX aTOOaiOW (TT) 

jresuTT : AOOIOdOX (a) 
ptOB OUTU1B :3<JAX (9) 
sptOB ouxuiH g*z '• HX0N31 (V) 

: soixsih3xoyhvhd aoNanoas (t) 

: ez.=oN ai oas no* noixvwho^ni <2) 



«S STH 9TH -Z^X «IV ^MX OJ<J <I*X 

YOX OOY OOX XYO XYO YOY YOO OOY OOO OOX 

0*2 SZZ OZZ SZZ 

9TH »Hd Axo »Md X*A -^^X naq i?XY cud ail B^v naq <Lix n^i x*A 
02Z. XYO OXX XOO XXX XXO XYX 033 YXO XOO YOO XXY YOO XXO OOX XXO OXO 

OZZ SXZ OXZ 

»TI a**d naq aqx x B A -«s «S «IY X*A «S J»S aqd STI *TY sth 
ZL9 YXY DXX OXX OOY XXO XOX VOX XOO 0X0 XOX OOX XXX XXY OOX XOO OYO 

SOZ QOZ S6X 

IPA »II nsq dii uxo 6xy sqd dsY aqx na<i sAq o.xd 6jy ^HX Axo 

fr29 0X0 XOY OXY 0X0 OOX YYO YOY OXX XYO 00 Y OXX OYY 000 OOY OOY XOO 

06T S9I 081 

oaa Jqx ox& aqa »TI n ^ nxo T*A 6^Y <isY n3 T -^X Jqx trsY xAx uxo 
9£S YOO OOY 000 DXX OXY 0X0 OYO XXO 000 OYO OXX OOY OOY OYY OYX OYO 

SLX OLX S9X 

riaT ass Iba usv Axo X*A i?XY nsq usy sAt nsq T*A nai 6jty .i^s 

82^5 YXO OOY 0X0 XYY OOO XXO 000 XXO XYY YVY YXO OXY 0X0 0X0 YOO YOX 

091 SSI OST S*X 

.zas nai aq<j 6jy sAo ass dsY *XY nxo T*A «XY ©XY naq sth UTO aqd 
08 OOY 0X0 XXX 000 OOX XOX XYO 000 OYO 0X0 YOO 000 0X0 OYO YYO OXX 

on sex ocx 

s?h jqx X e A SXI dsv nsq Axo ^©S naq sAq axjx naq aqx hxy nxo Axo 
ZZV XYO XOY XXO YXY XYO 0X0 OOO YOX 0X0 OYY OOY 0X0 XOY 000 OYO XOO 

SSI 021 SXX 

T*A T B A uxo sAt cLrx t?xY *XY uxo Axo SJH nxo ^qx UXO -*Ax 

fr8e XXO 0X0 OYO OYY OOX OOO 000 YYO XOO YOX XYO YYO OXY OOY OYO OYX 

Oil SOT 001 

axi 6-*Y 6^Y -las I*A ^sw nxo dev axi naq sth J^S I^a £^Y ^aw sth 
9Ce XXY 000 XOO XOX 0X0 OXY OYO XYO XXY OXX OYO OOX XXO YOO OXY OYO 

, 56 06 S8 

«X *Hd Axo nant OJd sth sAt x^A ^xy s^d uxo oad T^A <isv oa<j 

882 OOX XXX OXY XOO OXX YOO OYO OYY 0X0 YOO XXX YYO YOO OXO XYO 000 

2 8 r SL 0L 59 

bay sao usm ojtd nsT nsq Axo nxo JAx Jtas 6jy 6^tY ^Ax usy ojd naq 
OfrS YOY OOX OYY 000 OXX OXX OOO YYO XYX OOX OOY YOO XYX OYY OOO 0X0 

09 SS OS 

^qx aqd cud naq bxy 6^Y I«A J9S a^d 6^Y o^d »XY sqd <i*x n I3 :ts S 
26 T XOY OXX YOO OXO XOO 000 XXO OOX OXX 000 000 XOO XXX OOX OYO YOX 

o* se 



r060l/S6Sfl/JOd 



-e8i- 

61990/96 OAV 



: annxvaj (xt) 
p^sAxaa =aiviosi TvaaiAiaNi O) 

SXLIXA 

auioapuAs AaoqBJxdsajt puB sAT^onpoadaa auxojod ^WSIHYOHO (Y) 

: aoanos tynioiho (ta) 



yncp : adAx ainoaiow (tt) 

jttouxx ^ooiodox (a) 

uwou3(im : ssawaaaNVHXs o) 

pxa* oxax^nu :3dAX (a) 

saxHd vevq S6L =H£DN31 (Y) 

: sdixsih3xoyw*hd aotiaaoas m 
: w. : on ai oas Htxa noixywhcmni (z) 
stz 

aas «S 9TH STH ^MX «XY J^x o*d <iiX 

0*Z SC3 0€C SZZ 

S TH ^qd aio oqd x*A *Ax 6jy naq i?XY oad »xi ^*Y ^^Tt <**X rtsq x*A 

ozr sxs oxz 

9 II ^Md naq juj. x«A "S «S *XY X B A «S «S »*W ^XI «S *XY 9TH 

$02 002 S6X 

X*A «S 3X1 (Lri uxo &*m 9V[a dSY ^qx nai sAq o^d 6*Y ^HX Axo 

06X S8T 08T 

o^d JUX oa<3 aqd ©XI iwi nxo x«A 6jy dev nai au.x *MX usy x*x uxo 

Stt OLX S9X 

nsq aas X*A usy Axo X*A «XY nai usy sAq n^rt aaw X*A nsq 5^v .xas 

SSI OSI S*I 

jcsS naq ©JY sAo aas dsY ©XV nxo x«A «XV *IY naa sxh tijo 

oh sex oex 

STH ^MX I*A ©XI dsv na*i Axo «S na*i sAq aux naq aux *?xy nxo Mo 

S2I 02X SXX 

T*?A x«A uxo sAi <iix i?xy BXY uxo Axo STH nxo J^X uxo aAx 

OXX 90X 00X 

3X1 «S I*A nxo dsy ©xi noi sxh «S X«A ^OW STH 

S6 06 S8 

aix sqd axo «»T OJd sxh 3Ai x«A HXY ©Md «xo o*d T^A dsv o^d 

2 8 SZ. OZ. S9 

fi^V sAo usv oa d nsi nai Axo nxo -xaj, jcqs 6av *Ax usy oad naq 

09 SS OS 

JtlX s^d o^d rial tsxy 6^Y X^A ^^S sqd 6^Y o^d «XY ©Ud dax nxo 

Ofr SC 
^x(d 9qd dax JtAx Axo dsv uxo -I3S oad jss Axo nsa sAo aAx o^d 

0€ sz 02 

r\Bi J3S 3 q d OJd nQri ^ T n3rj ^. pA n3#T n3rJ :tag nQfT jt3S QJd 

sx ^ ox s X 

^X aax sAo aa S ©XY «S sAq x^A Axo sAo sxh Axo djrx tixo 
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0*2 SZZ QZZ SZZ 

uio ass A"[0 aqx nsi dsv ass T*A ail -*qx Bov aqd ^as d^X -*as 

OZL OVO XOX 000 03V 0X0 OVO OOX XXO XXV VOX VDV 00V OXX DDX DOX VOX 

ozz sxz ozz 

X^a oad ns»x 6av oad 6ov aqx oad B-*V nsi sxi U T0 aAx sxi Bav Bav 
2*. 9 XXO 000 0X0 000 000 VOO VOV VOO VOV OXX VXV OVO XVX OXV 000 VOD 

SOZ OQZ S6T 

"S T H A oad -ias T^A oad Jas Bav Bav nai sqd dax ass ax I usv n3r I 
fr29 XOX XXO XOO 00V VXO XOO OOX XOO OOV 0X0 XXX OOX VOX VXV OW 0X0 

061 S8t 081 

I*A nsq dax ass Jt^S aqd nai oad Bav nsq dax nxo nsq sth sqd dax 
9£S 0X0 0X0 OOX OOX XOX XXX 0X0 VOO 000 0X0 OOX WO OXX XVO OXX OOX 

SLX OLZ S9I 

usv Mo Axo d&M 3X1 U T0 ^TH STH aAx *Ax hxV exv aAx nai i?TV ass 
82S XW OOO 000 OVO VXV WO OVO OVO OVX XVX VOO 000 XVX VXX VOO OOX 

091 SST OS! S*T 

ail usv sth Axo JqX -*as T*A *qx -*as usv sth Axo <*SV sth nxo «TV 
08* OXV OW OVO VOO OOV XOX VXO OOV VOX XW OVO VOO XVO XVO OVO 000 

0*1 S£T OCT 

sAo sil aqd uxo 9TH Bav sAt dsv T*A aqd T«A Bav ^tas T*A usv Axo 
ze* XOX XXV OXX OVO OVO VOO OW OVO 0X0 OXX 0X0 OOO OOX 0X0 XW 000 

SZX OCT SIX 

ail *I0 aqd naq nxo oad sth sqd ^10 *TV «XV -iAx J»S aqd ^»S nsn: 
fr8€ VXV 000 OXX OXX OVO 000 XVO OXX WO 000 000 OVX OOX XXX OOX OXX 

Oil SOT OOT 

aqd «TV hst dax *TV n T9 nari Sitri nari usv dsv 

9€€ XXX XOO 0X0 OOX XOO XVX XVX XOO OVO XXO WV 0X0 OW OVO OVX 000 

56 06 98 

ass oad an ass 3SW ns^ nsi nxo dsv sth dsv 6av nxo nxo sAo Bav 
882 OOX 000 OXV OOX OXV VXX OXX OVO XVO XVO OVO XOO OVO OVO XOX OOV 

08 SL QL 59 

dsv sth Axo ail sAq sAo dax 3SW usv Bav Axo oad nxo nsi 6av tixo 
QVZ OVO XVO 000 VXV WV OOX OOX OXV OW XOO XOO 000 OVO 0X0 OOV wo 

09 55 OS 

Bav «xv *IV uxo ass -*qx -*as sAo oad }aw sAo sxi aqx aAx usv ©XI 
261 OOO XOO OOO WO XOV OOV XOX XOX 000 OXV OOX VXV OOV OVX OW OXV 

o* se 

aqx nsq nxo aqd aas *qx usv Axo sth exv nai oad sqd dax sqd 
**T OOV 0X0 OVO OXX VOX VOV OW 000 OVO 000 OXX VOO XXX OOX XXX XOX 

0€ S2 02 

ttsq aqx ass -iss ass usv ass ^xv nsq bxv ^as STH T«A t\ST aAx sAo 
96 VXO OOV XOX OOV OOX XW OOX XOO OXX XOO XOV XVO XXO XXO OVX XOX 

ST 01 S T 

sxi aqd Axo sAo nsi sqd sqd sth sqd 6av exv sAo uxo STH ^XV ^sw 
8* OXV OXX 000 XOX 0X0 OXX XXX XVO OXX OOO VOO XOX OVO XVO XOO OXV 

: *£. : on ai Oas ^Noixdiaosaa aowanOas (po 



S6Z. * T : MOIXVOOT (9) 

sao : AM/awvN (v) 
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0*2 S£2 QtZ S22 

u\o «S ^TO Jt W. n9r I ds Y X*A ©II ^tti &J*t 3X|d. "S d*x -*3S 

022 ST2 QTZ 

X«A ojd nsq &*Y oaa <iqx cud &XY nsi ©xi U XD -Z^X a XI ^-ZY £^Y 

S02 002 S6X 

Jtas X^A oa<3 Jtas X^A cad Jias 6jty Bjm nai aqd <ixx ass 3X1 US Y nsi 

061 S8T 08T 

X«A naq cLix jss MS 3qd nai cad B^V tiai cLrx nxo naq sth sqa <£*x 

S£X OLX S9X 

usy ^XO ^TO d8Y 3X1 u XO STH STH x*x *iAx *XY «XY J^L nsq KXY 

09T SSX OSI SH 

3X1 usy sth ^X X^A xtlX ^3S «sy STH AxD <*SY sth ^TO *XY 

OH SET OCX 

sAo »XI a qd «XO sth B^V sAq dsY X*A 3Md X*A B-XY <*3S X«A usy Axo 

sex oex sxx 

3X1 *X0 s*f<3 TiXO OJ d STH 3qd «XO *XY *XY -*Ax ^»S 3qd J£3S ti^t; 

OXX SOX oox 

3qa B TY nsq dzx «XY -z^l *Ax *X£> n XD n5 T sArc naq usy dsY *Ax AXO 

56 06 S8 

X9S ojLd 3X1 J 3S 33W nai n©q nxo dsY 9TH <*SY B^Y nxo nxo s-fo &*Y 

08 S^ 0*. S9 

dsv sxh Axo 3X1 sAi sXo <i*X 33W «sy Boy Axo cud nxo no-i 6;ty «X0 

09 SS OS 

6xy BXY «XY ^X£) ^3S -iqx «S sAo cud }3W sAo 3X1 -*qx ^Ax usy 3X1 

S* 0* SE 

jcqx n»i nxo 3qd J3S *MX «sy Axo STH ^XY tiaq cad 3qd d^X 3qd s>fa 

0C S2 02 

nai aqx "S J3S ^3S usy ^3S ^XY nsa «XY J3S sth X*A hbt jAx sAq 

sx ox s x 

3X1 3Md Axo sAd nsq aqd 3Hd STH 3tfd 6^Y «TY s^o uxo STH «XY ^3W 

: sl : om ai Oas : NoiXdiHosaa aoNanoas (t^) 

UTa^OJd :ad AX amOSTOW (TT) 
aeauTx -AOOIOdOX (a) 

PTOB OUTUl« :gdAX (S) 
sp-roe outuib 592 iHXONai (Y) 

• soixsi^axDYHYHD aoNanoas (T) 

•sl'-oh ax oas ho£ noixywhojni (z) 

592 092 
6jY -^tX J3S o^d n 3T X^A ^3S OJCd 

86 L YYX YOO YDX YOY XOY ODD OXD YXO OOX OOO 

SS2 0S2 S*2 

sAt x*A X^A USY cad 6^Y ^3S nxo ^3S o^d 3^d sAi 6jtY sAq 6jY UXO 
89Z. OYY OXO DXO XYY OOO X00 XOY YYD ODX XDO XXX YYY YDY OYY 000 OYO 
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091 SSI OSI 9*1 

STH nai nan; Extf ail sth dsv ail T*A nai sth sth uxo uxo aqx STH 
08* XVD OXO OXX OOO XXV DVD XVO XXV VXD 0X3 XVD XVD OVO OVO OOV XVD 

on sex oei 

uxo -iqx I^A SJH «XV I«A x*x dsv J*IX aq<j usy I*A s^D ^IV I*A 
Ztlr TO DDV 0X0 XVD 000 0X0 XVX XVO VOV OXX XW 0X0 XOX XOO XOX XXO 

SCT OZTI SIT 

T^A ^XO ^as X^A usv AXO aqd ax I T^A s^i 3q<j Axo nxo 3»W 

*8€ XXO OOO XOX 0X0 XW OOO XXX OXV OXO VW OXX ooo wv ovo oov oxv 

0TI SOI 001 

nxo -*as *IV -*^X aqd nai gvt) HIV «s naT :jbw naT nai dsy BTV usv 
9ee WO VOX OOO OVX OXX XXD OOX OOO XOX XXO OXV OXO OXO OVO ODO ow 

S6 06 S8 

a^X noq jAx -ias nxo dsv Jqx I*A usv «IV Jqx ail *x*lX ax I x*x uxo 
883 OVX OXX OVX VOX TO OVO OOV 0X0 OW XOO OOV VXV OOV OXV OVX ovo 

08 SL OL 59 

OJtd <*qx AlO I«A cxv nxo 6^V sAq uxo .ias -*as s&l ^10 aqd ax I 

0*Z OOO XOV XOO 0X0 OOO WD XOO XOX TO OOX OOX OW VDO OXX OOX XXV 

09 SS OS 

sXt nxo uxo «xv exv I«A ^10 sth ojtd 6av aqd sAo usv I <3sv 

Z6X WV OVO TO 000 VDO VOX OXO OOO OVO XOO VOO OXX XOX XW OXV OVO 

sfr o* se 

uxo naq i*a 3aw aqa *I0 «XV bxv *IV ^qx ^"JX usv -*qx ^10 ax I <*sv 
**I OVO XXO 0X0 OXV OXX XOO 000 XOO 000 OOV OOV OW OOV OVO XXV XVO 

0€ SZ OZ 

xbs nai sth aqx *as aq<j sAo oj<j sAq s/o «XV aqd *TV nxo *as I*A 
96 VOX VXD XVD OOV OOX OXX XOX ODD OW XOX ODO OXX 000 OVO XOX XXO 

SI 01 SI 

3»W ail sth uxo *IV Axo *IV naq aqd aqd naq aqj, *XV e TV «xv }aw 
8* OXV OXV XVO TO XOO XOO XOO 0X0 OXX OXX XXO XOV 000 000 XOO OXV 

: 9l : on ai Oas : NoixdiHosaa aoNanoas (t*) 



6*5' "I ^NOIXVOOrt (a) 

sao ^Ara/awvN (v) 

: aHnxva.a (xt) 

PB^sAxst :gxviosi TVCdlAIONI (0) 

: 3DHnOS TVNIOIHO (TA) 

VNa^ : 3dAX amoaiow (tt) 

aesuTX :AOOTOdOX (a) 

UMOLDftm : ssaNaaaNVHxs (O) 

pTOH oxaxaxiu : 3dAX (Q) 

sjtTHd ss^q ZSS :HXON3T (V) 

: soixsi^axovHVHO aoNanoas (t) 

: 9£-ON ai 03S H03 NOIXVWHOaNI [Z) 

SSZ 092 

Bxm xbs jqx -ias o^d nai x^A -las oad 

OSZ SVZ 
sAt x^A I^A usv o^d 6^V ^as nxo ^as °^d aq<j sAq Bav sXi fi^v uxo 
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08X 

3 XI *TY naq narr an 



*XY ^qd 



Sil OtX S9X 

naq si*o *XY »II **qx -^X «TY d*£ 6jv 3»W «XY o;td -*qx naq aqa 

09X SST OSX S*X 

sjH naq naq 6jv sxi 9TH d8Y 3TI T B A naq STH ©TH uxo uxo Jqx STH 

ofrx sex oex 

tiXO -iqx X*A 9TH *XY X*A ^ dsy Jqx aqd usv T*A s^O *TY aas T«A 

SZX 02X SXX 

X*A Aid a»s X*A usv Axo and STI T^A 9*1 aqd Axo eAq nxo zas naw 

OXX SOX 00X 

nxo «s *TY ^qd na*i sAo exY «S nai }aw nai naq dsv «xy usy 

S6 06 SB 

jJi£ nart xfo aas tixo dsv aqx x^A usv «xy *qx ^qx »II x*x uxo 

08 SL 0L S9 

oad JqX ^TO X^A «XY **xo 6av B^o u\q xbs «S 9^1 ^XO SI *d ^XI 

09 SS OS 

sArt nxo uxo ^XY ^XY «S X^A ^XO sxr ojc<j 6xv «qd 9^0 ubv 3X1 dsv 

S* Qfr sc 

uxo naq x*A 3»W sqd A\0 *XY «XY *XY -iqx **qx USV <xqx nxo ^XI dsv 

0€ 52: 02 

aas nai sth jqx «S aqd sAq oJd 9^0 ^xy »qd «XY nxo «S X^A 

SX OX S X 

9X1 STH UXO «XY *XO *XY nart »qd »qd naq aq£ *XY «XY «XY 3»W 

: *.z. : on ax oas : NOixdiHosaa aoNanoas (W 
uxa^cad :adAX amoaiow (tt) 

a^auxx : AOOTOdOX (a) 
PJOB OUTttie ^adJix (a) 
spiDH otiTTJiH C8X :HX0N3T (Y) 

: soixsiHaxoYHVHO aowanoas (t) 

•LL' on ai 03S HOd NOIXYWMOdNI it) 
08X 

ax I «XY naq naq ax I ^XY ®^d 
2SS VOX VXY YDO OXX 0X0 XXY 000 OXX 

SLX OLX S9X 

naq s/o ^XY ax I aqj. aqx «XY djtx 6xv ^aw eXY o^d ^tlX nai aqd 

82S OXX XOX XOO XXY OOY ^fOY XOO OOX OOY OXY YDO XOX YDO YOY OXO OXX 
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P J[HO jo uoxqaod fiuox Axquaxox jjns e sapttxoxa qoxqA pxoe 
oxaxonuAxod 6ux^uxx p ao puoq quax^AOo * aaqqja sx g/ 
sq.uara&«aj oxuafixque aqq. 6uxpooua joaaaq} suoxfiao: pu* ASHHd 
e jo e JHO Pub 2 £H0 'qi pue ex jho jo bux^sxsuoo dnoafi 
aqq mojtj paq.oaxas apx^oaxonuAxod e Aq papooua 'sanpxsaa 
pxoe ouxire g q.seax qs jo qqfiuax e 6ujAeq joaaaqq. q.uaut6e:cj 
oxuafix^up ao 'apxqdadAxod auo q,seax q.* sapooua x> 

ruxaaaqw 

(III) ^E-a-J-A-gf-a-jS 
(II) , e~3-j-^~;S 

(i) ,e-*-£/-*>-,s 

: (III) pub (ii) ' (i) SHxnwuoj aqq. 30 6uxq.sxsuoo 
dnojtfc aqq. ffioaj paqoaxas aouanbas ia s«q pxo^ oxaxonuAxod 
pxtss uxaaaqM 'x uremia J° uox^aedaad paxjxond aqj, *z 

•joaaaqq. suoxq.euxqraoo puis 
fa^xosx ASHHd ^ tO-T^ aBuan^qo quanbasqns 
b q.suxe6e qsoq euxoaod e ux uoxq.oaq.oad i*ox6oiounurax 
aq.Bxnraxq.s AxaAX^oajja qoxq* pue qq.6uai ux spxoe ouxun? g 
qsnax q-B aae qoxq*v suxaq.oad pt*s jo suoxfiaa oxua6xq.ue 

pue .'ASHHd jo uxeaqs paoi up 
jo l JHO pu^ 9 JHO jo qq.oq ao auo Aq papooua suxaqoad qq.XA 
snofioxomoq %00T ueqq ssax qnq %L6 q.scai q.e suxaqoad 

'ASHHd jo uxiBxqs bmoi ue jo g jho pu^ 
£HO J C JHO JHO JO aaout xo auo Aq papooua asoqq. qq.xi* 
snoBoxomoq %00T treqq. ssax V*q %08 q.s*ax q.12 suxaqoad 

I (ASHHd) stuxA aotoapuAs Aaoq.eaxdsaa 
pue aAX^onpoadajc auxoaod jo ux*jq.s bmoi u* jo (s,jho) 
same j j 6uxpeaa uado aaom xo auo Aq papooua suxaqoad 

:jo 6uxq>sxsuoo dnoafi 
aqq. uojj paq.oaxas apx^dadAxod auo q.seai q« 6uxpooua pxoe 
oxaxonuAxod e 6uxuxeq.uoo uoxq.eaBdaad paxjxand y *T 

Tsffix^xo 
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•joaaaqq. suox^Buxqraoo 
pu* .'uxaqoad q:*6uax-XTnj piss oq. spuxq AxxeoTJT^ds 
qoxqi* Apoqxque x^uotoouoto e oq. fr68X-nsi JO 6Z.-QSI 'XCfr2 
HA '0C*2 HA '62*2 HA 'S8C2 HA JO i JO 9 JHO JO X£fr2 HA JO 
6Z.-flSI '62*2 HA 'g8e2 HA JO g JO » 'e 'e JHO 6uxpuodsaaaoo 
aqq. Aq papooua uxaqx>ad q:*6uax-XXnj aqq jo A^xuxjjb Buxpuxq 
st« jo %x qssax jo Aqxuxjj* fiuxpuxq e 6uxA*q suxaqx>ad 
pxes jo suoxBaa oxuafixqu* pup .'*68X-nsi pue 6Z.-QSI 'xe*2 HA 
'(SS-flSl) 0C*2 HA '62*2 HA 'S8C2 HA JO g-2 s,aHO Aq papooua 
suxaqoad qqxw snofioxoraoq %06 }s«ax }b suxa^oad ; U26E-flSl) 
ZZPZ HA PU* 6A-0SI '(22-flSl) 62»2 HA 'S8£2 HA JO £-9 s,JHO 
Aq papooua asoqq. qqx* s 11060 lomoq %/.6 q.s*ax }fc suxaqoad 
jo fiuxqsxsuoo dnoofi aqq. mojtj paqoaxas sx apxqdadAxod 
PXbs uxaaaq/n 'x uxbxd jo uoxqcjredaad paxjxand aqi -g 

*9 JHO jo uox6aa oxuafixque ue fiuxpooua apxqoaxonuAxod b 
sx 9 uxaaaq* 'x oixbxd jo uoxqcjredaad paxjxond aqj; 

•adAqouaqd (jq) uoxqeoxxdaa qfixq e raoaj sx g jho 
Pxbs uxaaaqA 'x mxnxo jo uoxt*ea*>daad paxjxand aq£ -e 

*9 »iHO Buxpuodsaxaoo 
s jo pua-,g aqq qqx* buxdd^xaaAo uoxfiaa aqq. sapnxoxa qoxqM 
pua-,e e aAeq Aem ^ 'puoq q.uax*Aoo « sx $ uaqi* pup 

•'sanpxsaa pxoe ouxure g 
qseax 4* jo qqfiuax e buxAsq quarafiejj apxqxIadAxod oxua6x}uu 
ue 6uxpooua ASHHd jo uxbj^s wioi ue jo 1 jho put? 9 jho 
'S JHO jo uoxBaa b jo 'ASHHd jo ux^j^s baoi u* jo a jho pue 
9 JHO jo 6uxq.sxsuoo dnoaB aqq. uoxj paqoaxas apxqoaxonuAxod 
12 aaqqxa Aq papooua apxqdadAxod auo qseax sapooua 9 

pue ipxos oxaxonuAxod pxes jo uoxq^xsuex* 
ao/pue uoxq.dxaosuBaq. qoajj* Axx^T- 1 ^^ V>u saop qoxqM pxoc 
oxaxonuAxod fcuxspixx « ^o puoq quax^AOO b aaqq^xa sx ff 

•ASHHd jo 

uxBaqs bmoi ub moaj g jho ub jo Adoo auo qseax qe sx ^ 

/quaxnaxA-uou ao 

q.uaxnaXA-MOX aaqq.xa ASHHd Aq aqq. aapuaj oq ASHHd Aq ub taojj 
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puB aAxqxmpoadaa auxoaod b qsuxBfcB 6xd b ux asuodsaa 
XBoxfioxoununax ub asxBJ z jo i mxBXO jo pxob oxaxonuAxod 
aqq jo qunoure aAxqoajja ub fiuxsxjdutoo 'eupoBA v *frX 
♦jaxaaBO axqBqxfeooc Axx*oT 6 °ToxsAqd. b pub 'soixa amoapuAs 
A;coqBJxdsa:i puB aAXqonpoadaa auxoaod b qsuxBftB 6xd b ux 
asuodsajc iBOxBoxoununux ub asxBa oq. XX ikxbxo jo apxqdadAxod 
aqq jo qunoure aAxqoajja ub Buxsxjtdmoo 'auxooBA v *CI 

•9 jlo g mxBXO jo pxob 
oxaxonuAxod aqq Aq papooua apxq.dadAxod paxjxJtnd v *2X 

•3 ao x urtBXD jo pxob 
oxaxonuAxod aqq Aq papooua apxqdadAxod paxjxand y "IT 

•Apoqxqxre x^uoxoouom 
pxBS oq. uxaq.oad pxbs jo AqruxjjB fiuxpuxq aqq. jo %x q.sBax 
q,B jo uxaq.ojd pxbs oq spuxq Axx^oxjxoads qoxq*i Apoqxq.UB 
Xbuoxoouow b oq AqxuxjjB 6uxpuxq b SBq uox&aj oxuafixqxiB 
pxbs uxaaaqM 'e *T B TD 3° uoxq.B;reda:rd paxjxjmd aqi # 0X 

•uxaqo;rd pxbs jo 

qqBuax XX^J aqq uBqq, ssax oq. spxoB ouxmB g biojj jo q^6uax b 
BuxABq uoxfiaa oxuaBxqxiB pxbs 'suxaq.ojd pxbs jo auo qsBax q.B 
jo uoxbaa oxuaBxquB pxbs sapooua pxob oxaxonuAxod paq.BXosx 
Pxbs uxaaaqM 'x oixbxo jo uoxq.BJBdajd paxjxand aqi *6 

•paq.nq.xq.sqns AxaAxqBAJtasuoo 
aaB uxaq.oad snoBoxomoq pxbs ux sanpxsaa snoBoxomoq 
-uou puB 'uxaq.oad snoBoxomoq pxbs sapooua pxob oxaxonuAxod 
Pxbs uxaaaq* s x uixbxo jo uoxq.BJBdaad paxjxand aq& *8 

•fr68X 

-QSI PUB '6Z.-HSI 'TZVZ HA ' 6Z*Z HA '98££ HA JO 9 PUB 

'9 '£ *Z s /4 jho jo auo qsBax q.B Aq papooua sx apxqdadAxod 
pxbs uxaaaq/* 'g bixbxd jo uoxqcaedaad paxjxand aqj, m l 

♦joaaaqq suox^BUxqraoo pub 'fr68X-flSI pu« ZZ-flSI 
'£26e-nsi '6z.-nsi 'xefrz ha *6zvz ha 'gsee ha jo auo Aub jo 

L JHO PUB 9 JHO 'S JHO 'fr JHO 'C JHO *Z JHO JO fiuxqsxsuoo 
dnoo5 aqq moaj paqoaxas sx pxob oxaxonuAxod paqBXosx 
uxaaaq* 'g tkxbxd jo uoxq.BaBdaad paxjxond aqi -9 
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•ZX rcxBXO J° ®PT^ dad ^Tod 
ai^ spuxq Axx^3TJT De<is tl»m A ApoqxquB uy m ZZ 

•Apoqx:quB xcuoxoouom b sx 
ApoqxquB pxbs uxaaaqA 'X2 wtbxo JO Apoqx:j.UB aqj, *2Z 

•XX «T*TD jo apxq.dadAxod 
aq^ oq. spuxq AxX*3TJT oa<is qoxqA Apoqxq.UB u? # X3 

•joaaaqq. paau ux aos b oq. paaaqsxuxmpB 
sx auxooBA pxbs uxaaaqA ' LX wxbxo jo poqqarc aq£ *03 

•Atl^s^w^UT jo AxsnoauBqnoqns 'Axx^uoqxaadBaqux 
'AxsnouaAB.zq.ux 'Axx*ut^P*-iquT 'AxJBxnostuiiBaqux pajaqs-cuxmpB 
sx auxooBA pxbs uraaaq* '8X nrrBXO J° poqqant aqi '61 

•Axx**^V*aj:Bd ao Axx^*o pajaq.sxuxmpB 
sx auxooBA pxbs uxaaaq* ' LT WT*TO JO poqqam aqi *8T 

•joaaaqq, paau ux 6xd b oq. cx o&xbxd Jo 
auxooBA aqq, jo qunouB aAxqoajja ub fmxjaqsxuxmpB 6uxsxadmoo 
'sojxa amoapuAs Aaoqcaxdsaa puB aAX^onpoadaj: auxoaod 
b Aq uoxqoajux wloxj 6xd b 6uxq.oaq,oad jo poqqam v * LX 

•uoxqBimoj BxqAouAs 

puB uoxqBinJtoj aqBpnxa jBXoaAX^ 'sxqxx*qdaoua ' sxqxpaBooAra 
'uoxqBuuoj aqAooomaud n adAq 'sqaxfixd uaoq-XBaA 
'iiqaxqxXT^- s 'uoxqaoqB jo feuxqsxsuoo dnoafi aqq moaj paqoaxas 
aos b ux uoxqxpuoo aAxqonpoadaa b pub 'aaAaj 'ssajqsxp 
Aaoq.BJXdsaa :su£xs x^oxuxxo pub suoqdraAs Buxaoxxoj 
aqq jo ajont Jto auo Aq pazxaaqoBaBqo asBasxp b sasnBD 
snaxA pxbs uxaaaqA '*x rax^xD Jo auxooBA aqj, *9X 

•uox^Bioaog: bx^AouAs 

puB uoxq.Bimoj aqBpnxa aBxoaAXB 'sxqxxBqdaoua ' sxqxp-XBOoAm 
'uoxqBuutoj eqAooumaud n adAq 's^axfixd uaoq-^aA 
'qqxcqxxi^ 3 'uoxqaoqB jo Buxqsxsuoo dnoaft aqq, moaj paq,oaxas 
aos b ux uoxq>xpuoo aAxqonpojedaa b pub 'jaAej 'ssaaqsxp 
Aaoqpaxdsaj :sufixs x^T^II 0 puB sutoqdutAs 6uxaoxxoj 
aqq, jo ajcom ;to auo Aq pazxaaqoBJBqo asBasxp b sastiBO 
snaxA pxbs uxajaqA 'ex hixbxo jo auxooBA aqx *gx 

•jaxxiBO axqBqdaooB 
AxX^^T^ 0 ! 0 ! 5 ^^ B PU© 'snaxA amo^puAs A^o^Baxdsaa 
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aqex-idoaddB ire jo qunoore quaxoxjjns e qqx/* axdures anssxq 
pxBS buxqsabxp puB 'apxxoaad uaboapAq snoanbc qqxA axdores 
anssxq. auxoaod paqexosx ire raoaj asepxxoaad snoua6opua 
BuxAOiaaa jo sdaq.s i^x^uanbas aqq. 'sda^s buxq^qnoux px*s o:q 
aoxad 'buxsxaduioo aaqqanj '82 rax^TD jo poqqam aqj, *62 

•suabxqire T^T A PT BS 6uxq.oaq.ap 
pus i anssxq. paqeaaq.-ApoqxqUB paqexAuxq.oxq aqq. 
qq.XM uxpxABq.daaqs paqBbnCuoo-asepxxoaad b buxq.Bqnoux 

i axdures anssxq paqBaaq-ApoqxquB x^uoxoouom 
at» ApoqxquB buxxuxx pa:*BxAuxq.oxq b buxq.Bqnoux 

.'axdures anssxq* pxbs 

ux suabxquB x*«*T A &xom jlo auo pire Apoqxq,UB x^uoioououi pxbs 
uaanqaq anooo oq. buxpuxq x^T 6 °TOununnx aqaxdmoo Axx*T^ uassa 
apxAoad oq ajmqBJcadraaq. a^BXJtdoaddB ub q.B pub amxq jo qq.buax 
quaxoxjjns b aoj axdures anssxq b qqxi* uixbxd jo Apoqxqxre 
XBUoxoououi buxsxadmoo PT n TJ saqjosB buxq.Bqnoux 

:jo sdaq.s aii^ buxsxadmoo 'snxrA autoopuAs Aao^Baxdsaa 
puB aAxqonpoadaa auxoaod b oq paaq bxd b jo ajcnsodxa 
jo Aq bxd b jo uoxq.oajux buxsoubBxp jo poqqaui v *8Z 

•uxBqs anssxq. 

b pire aAp quaosaaonxj b 'axdures anssxq. auxoaod aqq. s:*sabxp 
qoxqA asBaqxxid b 'apxxoaad uaboapAq snoanbB buxsxaduioD 
aaqqanj '93 unrBXD J° ^T* oxqsoubBxp aqx • LZ 

~asBpxxoaad b pub uxpxABq.daaq.s 
paqBbnCuoo-asBpxxoaad sastadmoo quabB oxq.sou6cxp 
pxbs 'ApoqxquB ipuoioouom paqBxAuxqoxq b sx ApoqxquB 
pxbs uxaaaqA 'gs urr^TO 3° ^T^ oxqsoubBxp aqj, *9Z 
♦ApoqxquB pxbs qq.™ uoxqoBaa x^oxfioxountmttx aAxq/rsod b 
saq.Boxpux qoxq/\ quabB oxq.soubBxp b puB \z iuxbxo J° ApoqxquB 
aqq buxsxadmoo 'snaxA autoapuAs Aao^Bjrxdsaa pub aAjqonpoadaa 
auxoaod h buxAesse aoj qx^[ oxq.soubexp v *sz 

•joaaaq^ paau ux bxd b oq X3 
^T^TO J° ApoqxquB aqq. jo qunomB aAxqoajja ub buxaaq.sxuxurpB 
buxsxadutoo 'amoapuAs Aaoqeaxdsao: pue aAxqonpoadaa 
auxoaod moag: buxaajjns bxd e buxqeaaq jo poqqam v 
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•pxoB oxaxonuAxod pxbs Aq papooua apxqdadAxod b pub 
IXao qsoq paonqxno pxbs jo auo qsBax qB buxqBXOsx jo daqs 
aqq buxsxaduzoo aaqqanj 'ZZ ^T^TO jo poqqam aqj, *GC 

qsoq pxbs buxonqxno pub x raxBXO jo pxoB oxaxonuAxod aqq 
qqx/\ XT®° ^soq axqBqxns 13 buxqoajux jo sdaqs aqq buxsxadraoo 
'snaxA amoapuAs AaoqBaxdsaa pub aAxqonpoadaa auxoaod b qq.xM 
abuaxi^o quanbasqns b qsuxBbB uoxq.oaq.oad x^T^oxounmmx 
saajuoo qoxq/* auxooBA b buxonpoad jo poqqam v ~ZZ 

•VNa 

papuBaqs-axqnop oqux uoxqBXBoaaqux uodn abuBqo qoxq/* jo 
saxqaadoad quaosaaonxj aqq 'aAp 6uxq.exeoaaq.ux ub sx quabBaa 
pxbs uxaaaqA 'oe «iT B TO Jo oxqsoubBxp aqj; *X£ 

•pxoB oxaxonuAxod paxjxxdure 
ub jo uoxqoaqap saxqBua qoxq* quabBaa b (o) 

puB 'sazxpxaqAq 

aauxad qsaxj pxbs qoxq/* oq aouanbas aqq moaj ureaaqsuAop 
buxaq pub snaxA aatoapuAs Aaoqeaxdsaa pub aAxqonpoadaa 
auxoaod jo uxBaqs bmoi pxbs mo a 3 pxoB oxaxonuAxod oxmouaB 
PXbs ux punoj buxaq aamxad puooas pxes jo aouanbas pxbs 
'qqbuax ux sapxqoaxonu OS oq ox raoaj 30 aouanbas b buxABq 
apxqoaxonuAxod b buxsxadmoo aaiaxad puooas b (q) 

'OoSL oq gz Moaj 30 aanqBaaduaq b qB snaxA 
emoapuAs AaoqBaxdsaa pub aAxqonpoadaa auxoaod jo uxBaqs 
bmoi ub moaj pxoB oxaxonuAxod oxutouab b oq sazxpxaqAq qoxqM 
qqbuax ux sapxqoax^u OS oq ox moaj 30 aouanbas b buxABq 
apxqoaxonuAxod b buxsxaduoo aarcxad qsaxj b (b) 
rbu-fsxaduioo 'siuta amoapuAs AaoqBaxdsaa pub aAxqonpoadaa 
auxoaod b BuxAbssb aoj qxx oxqsoubBxp y # 0€ 
*suabxquB iwu pxbs 30 aouasaad aqq. 30 aAxqBoxpux 
sx anssxq paqBaaq-uabBmooqo pauxBqs 30 uoxqBAaasqo uxaaaqA 
'suabxquB x**T^ PT* S buxqoaqap pub 'uxBqs b pub uabBmooqo b 
qqxM anssxq. paqBaaq-uxpxABqdaaqs paqBbnCuoo-asBpxxoaad aqq 
buxqBqnoux 30 sdaqs x^T^^^^s aqq 'daqs buxqBqnoux puooas 
pxBS aaqjB pub isuabxquB x^T A PT BS asodxa oq asBaqoad 
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•uabxvre 

sujta amoapuAs Aao^eaxdsaa pub OATionpoadaa auxojod 
* wex& aaqqo ua&x^ue ub xo ^ueAnCp* apxqdadAxod e fcuxpooua 
aua6 e sux«q.uoo aaqqanj pxo* oxaxonuAxod px^s uxaaaqA 
' LZ urr^TD Jo aan^tno aand An^oxfeoxoxq aqj; *8C 

•I mx^io jo pxoc oxaxonuAxod aqq 
6uxuxBq.uoo snaxA h jo aan^xno aand Axx^T^oxoxq Y ' Lt 

•snaxA pxbs qq.TA paqoajux 
sxx^a Pub umxpam ajtnq.xno b qq.oq pub 'soixa pxes q:*XA 
pa^oajux sxx^o 'umxpam aanq.xno b jo 6uxq.sxsuoo dnoaB aqq. 
moaj pa^oaxas aoanos b uojtj paqoaxxoo sx q.ua6e snoxq.oajux 
10 snaxA pxbs uxaaaqA 'gc mx^xo Jo poqq.am aqj; *9£ 

•aaxxreo axq«^daoo« Axx^T 6o T°T sA M<* 
px«s q^XA pxoe oxaxonuAxod pxns fiuxuxqmoo (o) 

pue 'sniXA paq.oaxxoo 
pies moaj pxoe oxaxonuAxod pxes fiuxqjsxosx (a) 

'pxo© oxaxonuAxod pxes a^ex°sT °^ snaxA pxbs 
jo axdures afiaex Ax^uaxoxjjns b fiux^oaxxoo (y) 
:sasxadmoo daq.s Buxqexosx pxes pue 'snaxA pxns sAoxdma da^s 
6uxq.oajux pxes uxaaaqA urrexo jo poqqam aqj, # SC 

•XXao 

q.soq paan^xno PT* S raoaj pxo* oxaxonuAxod pxes £uxq*xosx pue 
'TT^o q.soq px^s 6uxan:*xno 'pxo* oxaxonuAxod px«s 6uxuxe^uoo 
snaxA v pire pxo^ oxaxonuAxod px^s jo auo ^s^ax ye 
qq,XA XT^o ^soq axqeq.xns e 6uxq.oajux jo sdaq.s aqq. fiuxsxadraoo 
'VT tttT^TD jo auxoocA aq^ feuxonpoad jo poqqam y *frC 
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